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I ntroduction

Significant changesin Air Forcelogistics processes, beginning
inthe mid-eightieswith Reliability and Maintainability (R&M)
2000, haveresultedin several new logistics concepts, including
Two-Level Maintenance (2L M) and the Air Force Gold Program.

Driven by economic, mobility, and manpower considerations,
2L M seeks to capitalize on R& M improvements and leverage
them into significant manpower and budget reductions. Inits
simplest terms, 2LM consolidates a significant amount of base-
level engine and avionicsrepair capability including manpower,
tools, and test equipment at the five depots. Thisinitiative has
dramatically reduced the number of base-level maintenance
positions and resulted in a significantly reduced mobility
footprint.

The Air Force Gold Program’ s main objectiveisto optimize
Air Force combat capability by reducing total Air Force materiel
costs through the local repair of items or procurement of repair
services. (4) Air Forcelnstruction (AFI) 21-123, Air ForceGold
Program, provides guidance and procedures to increase base-
level repair capability of aerospace parts and equipment. It
focuses primarily on the base-level repair of XB3 and X F3 parts
that were previously discarded—agood idea. Onthedown side
though, this program hasthe potential to increase the specialized
tools, equipment, and manpower required at base level.

Taken at face value, these two programs appear to be in
conflict. This article examines 2LM and the Air Force Gold
Program. A close examination confirmsthe conflict between the
two, but also highlights the possibility for them to work as a
partnership.

Shift from Three Levelsto Two Leveals of
M aintenance

In the early 1980s, the Air Force was handicapped with a
growing maintenance burden. Morethan one-third of Air Force
manpower was devoted to aircraft maintenance. (9) R&M 2000
made significant progress, not only in designing and procuring
new weapon systems, but in modifying current weapon systems
to capitalize on technological advances. For example, the
modernization of the E/FB-111 avionicspackageresultedinthe
mean time between failure (M TBF) of the planes’ Doppl er radar
set expanding from 49 to several hundred hours. Itsinertial

" JASDF standsfor Japanese Air Self Defense Force

navigation system MTBF went from 19 to several thousand
hours. (2)

The C-17 was designed to take advantage of R& M improvements
and design requirements. R&M requirements included a
guaranteed maintenance man-hour-per-flying-hour and
guaranteed percent of aircraft ready to fly at any giventime. The
modular engine design wasaprecursor to 2L M and was designed
toresultinareduced work load and allow for acentralized repair
facility. (11)

The F-22 was designed with a 2LM concept in mind. Asa
result of 2LM and other effortsto minimizeitslogisticstail, the
F-22 will require only 45% of the personnel required by the F-
15. It currently takes 17 C-141 loads to move a 24-aircraft
squadron of F-15s; the F-22 will take 8. (5) The F-22 will also
eliminate the requirement for avionics and jet engineintermediate
repair shops by incorporating improved troubleshooting and
repair capabilitiesin the design of the aircraft. (7)

Well before DESERT SHIELD/STORM, Military Airlift
Command (now Air Mobility Command) logisticians, were
driven by reduced manpower ceilingsin Europeto examinethe
concept of Regional Repair Facilitiesfor the European Theater.
At the same time, they were exploring the possibility of
consolidating stateside repair facilities. (12) Aswe entered the
Gulf War, logisticianswere not only pursing a2LM concept for
new weapons systems, but were examining it for possible useon
current weapons systems.

Asaresult of 2LM and other
efforts to minimize its logistics
tail, the F-22 will require only
45% of the personnel required by
the F-15.

InJune 1992, the Secretary of the Air Force directed adoption
of 2LM for every new weapon system and encouraged this
concept, to the extent practical, for existing systems. (1) In
December 1992, the program was approved by Defense
Management Review Decision (DMRD) 983. (3) On 1 October
1993, the Air Force began the official implementation of 2LM
for selected engines and avionics equi pment. (6)



There is some risk of reduced readiness with 2LM. By
eliminating intermediate-level maintenance, the overall
maintenance effort becomes more dependent upon
transportation and supply functionsto get theright part to the
right place at the right time. This new dependence has
contributed to an initiativeknownas“LeanLogistics.” Colonel
Arthur Morrill, former Executive Officer, Deputy Chief of Staff
for Logistics, Headquarters US Air Force, described Lean
Logisticsas:

An interrelated series of logistics initiatives that promote

capability, enhance our war fighting sustainability, shrink the

logistics footprint, and reduce infrastructure. The goal is to
enhance combat capability while reducing the annual operating
costs of Air Force systems by adopting state-of-the-art business
practices and streamlined processes and by reducing infrastructure
throughout the Air Force Logistics Community. (10:14)

Lean Logistics is an umbrella concept describing the
application and adaptation of successful public and private
business practicesto Air Force' slogistics systems. 2LM isnow
arecognized cornerstone of the Air Force’s Lean Logistics
architecture. (10) TheLean Logisticsinitiativeincludes Repair
and Return Packaging (R2P), Mail-Like Matter Movement (M 3),
Electronic Data Interchange (EDI), Just-In-Time practices (JI T),
Industry Information Processor (12P), and Cargo Movement
Operations Systems (CMOS).

Gold Program Evolution and I mpacts

While there exists a procedure to reduce the level of repair
from depot to baselevel for high-cost parts, through the Air Force
Technical Order (AFTO) Form 135, Source Maintenance and
Recoverability (SMR) Code Change Request, XB3 and X F3 parts
were routinely condemned and thrown away. Base-level
maintenance personnel had neither thetechnical datanor financial
incentives to support repair initiatives for these | ess expensive
parts. It was easier to buy new parts.

In June 1990, aGeneral Accounting Office study determined
that numerous maintenance tasks could be done at the unit level
and suggested the Air Force could save money by doing so. (15)
In October of 1990, the 49th Fighter Wing (FW) at Holloman
AFB, New Mexico, promoted an initiative that encouraged the
repair of XB3 and XF3 parts. In one year they saved
approximately $350,000 in operations and maintenance
(O& M) costs. The success of the 49th FW generated
immense popularity for the program. Commanders from
other wingsinstituted their own programsto repair XB3 and
XF3 parts. (14)

The XB3 and XF3 partsrepair movement gained momentum.
In 1991 alone, Luke AFB, Arizona, earned a cost avoidance of
$1,000,000. A study completed by the Air Force Logistics
Management Center (now Air Force Logistics Management
Agency) in 1992 estimated a cost avoidance of approximately
$760,000 per year for each F-16 base aggressively involved with
XB3 and XF3 partsrepair! (14) The Air Force formalized this
processof increased unit-level repair with the publication of Air
Force Instruction 21-123, Air Force Gold Program, dated 27
March 1995.

Aspreviously stated, the main objective of the Air Force Gold
Programisto optimize Air Force combat capability by reducing

kel

total Air Force materiel costs using local repair of parts or
procurement of repair services. Thisis accomplished by units
identifying parts, primarily XB3 and XF3, for local repair. Parts
coded XD may also be considered under this program. (13)

The Gold Program places special attention on Circuit Card
Repair (CCR) and Repair Initiatives Conferences (RICs). CCR
encompassestroubl eshooting, isolating, and repairing defective
circuit cards using computer-based diagnostic equipment. The
objectiveisto perform repairson circuit cards previously coded
throw away or not authorized for local repair. For example, back
shop personnel at Randolph AFB, Texas, spent just $21.45 to
repair an electrical component in a runway strobe light. This
strobe light wasthrown away in the past, requiring the purchase
of the entire assembly at a cost of $1,000 per light. Although
Randolph AFB used only five strobe lights a year, they saved
$978.55 in cost avoidance per light. At Moody AFB, Georgia,
technicians realized a cost avoidance through CCR repairs of
$200,000 in asix-month period in 1992. (15)

In 1991 alone, Luke AFB earned a
cost avoidance of $1,000,000. A
study completed by the Air Force
L ogistics Management Center in
1992 estimated a cost avoidance of
approximately $760,000 per year
for each F-16 base aggressively
involved with XB3 and XF3 parts

repair!

RICs provide a senior-level forum where repair initiative
originators and depot approvers can break communication
“gridlocks,” provide cross-tell opportunities, explore new
technology, demonstrate repair processes, and conduct on-
site repair shop visits. RICshave also proven very effectivein
obtaining approval for base-level repairs. Job fairs provide
base-level personnel the chance to show depot engineers how
they canrepair parts previously condemned and thrown away.
At these fairs, many repairs are authorized on-the-spot and
dozens of parts coded XB3 have been recoded X F3 toindicate
they can berepaired at theunit level. For example, maintenance
personnel at Travis AFB, California, found atool to reflange
aircraft bleed air ducts. Thecurrent Air Forcetool has 50 pieces
andfillstwo boxes. Thenew tool, used in commercial industry,
comes in one piece and is adjustable to the size of the duct.
Maintenance personnel demonstrated thistool and showed how
it couldrepair fivetosix ductsinthesametimeit took to assemble
the current tool! (8) The initiative was approved by depot
engineerson-the-spot.

While Gold Programs provide savings at the unit level, caution
is needed. Unit-level actions may result in an increased
requirement for test equipment and repair partswith an associated



increaseinthemobility footprint. The problemiscreated when
one unit’s mobility requirements, as a result of Gold Program
initiatives, becomessignificantly different from another’s. Since
the Gold Programismanaged at the major command (MAJCOM)
level, no current Air Force-level oversight exists to avoid this
possibility.

Comparing the Two Programs

Having looked at each program separately, et usnow compare
thetwo programs, focusing on repair capability, mobility, supply,
and money. Both 2LM and the Gold Program deal with repair
capability and base self-sufficiency issues. 2LM consolidates
tools, test equipment, and specialized training at alocation other
than a unit’s home base, reducing their intermediate repair
capability for avionics and engine parts. The Gold Program
improves base-level repair capability by encouraging units to
repair itemsthey previously discarded or returned to depots for
repair. In other words, one program seeks to consolidate
specialized repair actions while the other encourages broader
use of common maintenance practices at individual units.

Two-level maintenanceresulted in asignificant reductionin
the mobility footprint associated with aircraft maintenance units.
Through the Gold Program, many units purchased additional
tools and test equipment to repair XB and XF parts. Many of
these assetswill be brought in-theater during acrisisto enhance
maintenance repair capability. At present, this additional lift
challenge appearsto belimited to thoserelatively few baseswith
established Gold Programs. However, as the Gold Program
matures and additional equipment isbrought on-line, the potential
for anincrease in the mobility footprint becomesreal.

Equally troubling is the supply stockage aspect of differing
levels of repair capability at individual units. As unitsrepair
items, depots will (and should) reduce on-hand supplies.
However, when units deploy and revert to reliance on the
supply system for the once locally-repaired part, the depots
may not have that part in stock since the demand for it has
been very low dueto unit repair. If the lack of the part caused
an aircraft to be not mission capable, theimpact ismagnified and
the situation becomes unacceptable.

Whilemoney and funding level s have always been important,
as available funds have shrunk, the emphasis to “do more with
less” has pushed organi zationsto seek more cost effectiveways
of doing business. Under Three-Level Maintenance (3LM), base-
level units shipped itemsto the depot for repair at nocost tothe
unit. 2L M wasimplemented in conjunction with the Depot Level
Reparables (DLR) process. When DLR wasimplemented, units
had to pay for each item they received from the depot out of their
DLR budget. The DLR cost included both the repair cost and a
surchargethat covered transportation and depot overhead costs.
8

Aslogisticianswere mastering the DL R budget process, they
also saw their base-level O& M budgets shrink. Combining this
with an increased emphasis on cost accounting, they began to
look for ways to reduce base-level O&M costs. The Gold
Program fit this need nicely. Units were encouraged to save
money by repairing items locally. With their previous
intermediate-level repair items now being sent to the depot, the

extensive number of XB and XF items previously ignored
presented awide variety of opportunitiesto save money. Money
saved on the repair or replacement of these items has a direct
bottom lineimpact onthe unit’ sbudget.

Conclusion

Having examined thetwo programs, thefollowing conclusions
canbedrawn. Fromapurely philosophical perspective, 2LM and
the Air Force Gold program are in conflict. While 2LM takes
taskspreviously accomplished at the unit level and transfersthem
to the depot, the Gold Program encourages units to identify
additional tasks that can be performed at unit level. As2LM
consolidates repairs at the depot, the Gold Program attemptsto
spread repairs across units and local contractors.

If the philosophical arguments are put aside and the two
programs are compared in practical terms, there is little actual
conflict and the basis for a partnership emerges. 2LM focuses
primarily on engines and avionics, while the Gold Program has
become synonymouswith XB3 and X F3 parts (with the notable
exception of repairing faulty circuit cards internal to avionics
“black boxes”). From this perspective, the two programs are
essentially independent of each other. Whilethereareinstances
where unitsrecode anitem from depot to unit repair, they are not
the norm. The most likely scenario under the Gold Program
involvesaunit developing base-level repair capability for “throw
away” parts.

The real issue is how to improve the programs so they
complement each other and benefit the Air Force as a whole.
Whilethe objective of both programsisto increase maintenance
efficiency, the processesthey useto accomplishthisobjectiveare
diametrically opposed. 2L M centralizesrepair activitiesto take
advantage of economies of scal e and standardization, whilethe
Gold Program decentralizes repair activities to tap into the
ingenuity and unique opportunitiesat each unit.

|f the philosophical arguments are
put aside and the two programs
are compared in practical terms,
thereislittle actual conflict and
the basisfor a partnership
emer ges.

TheAir Force Gold Program and 2LM are part of the Air Force
way of doing business today. Fiscal constraints, continued
downsizing, and the need to reduce our mobility footprint require
the Air Force to seek innovative ways to save both money and
manpower.

TheAir Forceplansto rewrite AFI 21-123 |ater thisyear. The
Gold Program has matured to the point that it deserves a second
look, and the program’ s course corrected to keep it ontrack with
Air Force-widegoalsand objectives. Incorporating thefollowing
changeswill significantly improvethe program while ensuring



it does not result in negating the gains in mobility footprint
reductionsachieved under 2L M:

(1) Gold Programs should be established at bases that
currently do not have one. Increased formal cross flow of
information between similar units (acrossMAJCOMSs) needsto
be established to help standardize repair capabilities. The
differing levels of contractor support available to continental
United States (CONUS) and overseas |locations needs to be
addressed.

(2) The need for areduced mobility footprint requires Gold
Program emphasis. Headquarters Air Force needsto monitor the
Gold Program with an eye toward maintaining standardized
mobility requirements and avoiding the devel opment of differing
levels of in-house repair capability in similar units. This
standardization is critical for deploying weapon systems to
ensure each unit has approximately the same capability to
repair parts. Failure to address this area can result in an
unacceptableincreased airlift requirement and larger mobility
footprint, along with differing maintenance capabilities at
forward locations.

(3) Theimplicationsfor supply support when units deploy
need to be researched more fully to determineif the perceived
stockage problemislarge enough to warrant action. Inaddition,
the base-level supply system needs to become more fully
integrated into the Gold Program. Gold Program personnel
currently receive, store, and issue parts from their own
“warehouses.” These personnel are typically maintenance-
trained troops who have limited knowledge of supply policies
and requirements. Setting up a second de facto supply system
on each baseisnot cost effective. Supply must work withinits
established systems to perform the Gold Program operations
normally associated with supply including receiving, storing,
issuing, and researching. This includes modifying existing
supply proceduresto allow credit for assets repaired under the
Gold Program.

(4) Air Education and Training Command’s (AETC’s)
concept of establishing aseparate account for their Gold Way *
savingsisan outstandingidea. It providesaclear tracking device

" AETC Instruction 21-111, Gold Way, encouragesunitsto expand local repair
and contracting proceduresto increase base-level self sufficiency while saving
money.

that requiresunitsto transfer fundsfrom savingsinto the account
and shows how those savings were spent. This concept needs
to beincorporated into the Air Force Gold Program. Thiswill
providecontrol, visibility, standardized accounting procedures,
and accurate savingsfigures.

Incorporating these changesinto AFI 21-123 will add validity
and credibility to the Gold Program and strengthen an unlikely
partnership that hasthe potential to save the Air Force millions
of dollars ayear.
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Cost-Per-Flying-Hour Program: A Foundation For

Wing Cost Reduction

Captain Gary Wiley, Jr., USAF
Master Sergeant Thaddeus J. Dick, USAF

I ntroduction

SincetheAir Forcedecided toincludeall aircraft commodities
withinacentralized stock fund, aircraft maintai nersand operators
continueto strugglewith theintegration of flying operationsand
financial management of flying assets. However, the financial
management of flying operations is much easier than most
realize. Although the program can bevery complex, reduced to
itsvery basic levels, cal culating cost-per-flying-hour (CPFH) is
amatter of simple mathematics. Theway theresultsare used and
who these results are communicated to, contribute most to the
execution of the CPFH program. This article will highlight a
successful CPFH program and why it is important in the
execution of wing flying operations.

Review of Flying Hour Commaodities

A brief review of the flying hour program follows. Three
variables, or commodities, make up the flying hour program:
depot level reparables (DLRs), consumables, and aviation fuel
(AVPOL). All threeare used in direct support of aircraft flying
operations.

DLRs are budget code 8 items with an expendability,
repairability, recoverability code (ERRC) of XD1 or XD2 and
element of expenseinvestment code (EEIC) of 644 for flying
hour organizations and 645 for nonflying hour organizations.
DLRs are used to repair aircraft, pods, engines, support
equipment, etc. DLR examples are aircraft line replaceable
units (LRUSs) for major weapon subsystems (avionics, fuels,
hydraulics, etc.), shop replaceabl e units (SRUs) (circuit card
assemblies for electronic countermeasure [ECM] and Low
Altitude Navigation and Targeting Infrared for Night
[LANTIRN] pods, etc.), and test replaceable units (TRUSs) for
back shop support equipment. These high-priced items
contribute most to the CPFH. (1)

Consumables are budget code 1 and 9 items with an ERRC
of XB3 and XF3 and an EEIC of 605 and 609. System support
division, part of the Air Force Stock Fund managed by the Air
Force, manages budget code 1, EEIC 605 items. General support
division, also part of the Air Force Stock Fund managed by the
Defense Logistics Agency, manages budget code 9, EEIC 609
items. These“throwaway” items, benchstock, local purchase
(LP) store items, disposable aircraft parts (panels, wiring
harnesses, light bulbs, etc.), individual equipment (I1E),
consolidated tool kits (CTKSs), test equipment parts, and one-
time purchases are used to facilitate routine repairs and
everyday business.

Aviation fuel, EEIC 699, is the fuel used to power aircraft.
Figure 1illustratesthe combination of thethree variables’ costs

COST-PER-FLYING-HOUR PROGRAM
COMPOSITE

DLRmmNCONSUMABLEZAVPOL CUM CPF+==COMPOSITE RAI’E
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#Flying Hours 1122 838 895 1363 1134 1152
Cumulative Obligations (3000)2720 5469 8330 11046 14118 16264

Cumulative CPFH ($) 2424 2791 2918 2619 2638 2501

Figurel. Cost-Per-Flying-Hour Program Composite

to determine total CPFH costs.

Determining commodity and total CPFH requires very little
effort and is a matter of simple mathematics. Each wing is
allocated a specific number of flying hoursto executein afiscal
year. Every month the wing will fly a portion of those hours.
Simply dividethe commodity costs by the number of flying hours
to determine commodity CPFH. Example: DLR CPFH =
$1,634,823.88 (monthly DLR costs) divided by 1,157.3 (monthly
flying hours) = DLR CPFH of $1,412.13. This represents the
DLR cost for every flying hour. Do the same for total
consumables (budget code 1 and 9), and AVPOL, and add the
three totals to determine total wing CPFH.

Reducing the CPFH to its absolute basic level defines the
overall CPFH. Thisisnothing morethan the per-hour cost to fly
aircraft. Offsetting and reducing costs to gain program
efficiencies are important when executing the CPFH process;
however, establishment of a CPFH program office must be the
first step in a successful and efficient CPFH program.

Establishing a CPFH Program

Determining wing CPFH isnot enough. A full-time program
office dedicated to monitoring and reporting wing flying hour
expenditures is vital to success. This article will focus on the
successful program built from the ground up at the 31st Fighter
Wing, Aviano Air Base, Italy. Thisprogram will be used asthe
starting point to build and executeawing CPFH program. Each
wing has its own unique requirements, and its CPFH program
must be tailored to meet wing needs. Important though, isthe
need for a workable CPFH program. Simplify the program
without duplicating the efforts of other organizationswithinthe
wing. The primary goal is to monitor and report wing CPFH
with the hope of reducing flying hour costs. Significant other

=



duties and responsibilities occur during program evolution;
however, maintain focus on the primary goal. Justification and
validation of every flying-hour expenseincurred by thewingis
absolutely essential. Theability toaccount for and portray all cost
is directly proportional to the funding the major command
(MAJCOM) providesthewing.

Thefirst step isto engage the necessary personnel to provide
accurate and timely information regarding costs associated with
flying wing aircraft. Program complexity and personnel’s
knowledge will determinethe number of personnel inthe office.
At Aviano, four unit project fund management records (PFMRs)
are monitored and the program hasthree analysts and aprogram
manager to report extracted data. Optimally, recommend personnel
with strong backgrounds in supply, maintenance, and finance.
However, team playerswith good analytical skills, astrong sense
of achievement, and the ability to learn quickly will benefit the
program immensely. Much time is dedicated to finding and
reporting accurate information; therefore, good communication
skills(writing and speaking) are desirable. Good communication
skillsalsolend credibility to the program.

Current Air Forceand MAJCOM instructionsalign the Depot
Level Reparablesprogram under the LogisticsGroup (LG). (4) An
Aviano logistics operating instruction includes all flying-hour
commoditiesinto aCPFH office aspart of the LG staff. Sincemost
coordinating agencies arewithin the LG, alignment of the CPFH
program office under the LG islogical. A logistics operating
instruction establishes program duties and responsibilities and
lendsthe program credibility. Program guidance providesstability
and purpose.

Managing, Monitoring, and Reporting CPFH

Again, theprimary jobisto monitor and report unit flying-hour
costs, and the best method isthrough the extraction of daily costs
from each individual unit’s Project Fund Management Report/
Organization Cost Center Record Reconciliation (PFMR/OCCR
Reconciliation), commonly known as the D11. This supply
product is adaily listing printed for the organization resource
advisor or cost center manager. Aviano's CPFH office receives
theD1linformationviaelectronicmail. TheD11 (Figure?2) lists

all the organi zation cost center records (OCCRS) under each unit’s
project fund management record (PFMR). Itisusedto track all
DLR and consumables costs and will report all information
required regarding how much and what work center is spending
wing flying-hour funds.

Numerous other resources exist throughout thewingtoaidin
monitoring and reporting flying-hour costs. Developing rapport
with maintenance shops and the flight line, the local analysis
section, engine management branch, various organizations
throughout base supply including fuel s management section, unit
resource advisors and cost center managers, wing financial
management, mai ntenance officers, commanders, outside sources,
etc., isalmost asimportant asthe monitoring and reporting of wing
costs. Answers to taskings received will (most probably) be
provided by other organizationswithin thewing. Cultivate and
utilize these sourcesto accurately report the expenditure activity
of thewing. Leavetheanalysistotheanalystsinthe Operations
Support Squadron, but use their analysis to expand on CPFH
increases and decreases. Accurate CPFH reporting isateam effort
involving many different organizationswho have astakeinthe
process. Work with all coordinating agenciesto efficiently reduce
flying-hour costs.

Develop wing target levelsfor the various commaoditiesusing
previousfiscal year performance asabaselineto build the current
fiscal year program. Factor in projected weapon systems costs,
commodity price changes, flying hours, deployment factors,
etc. AFI 65-503, USAF Cost and Planning Factors, gives
recommended costsfor each commaodity factor by aircraft mission
design series (MDS). Thedebate still rages about how these cost
factorsinterfacewith Air Force Cost AnalysisImprovement Group
(AFCAIG) developedrates. At Aviano, thesefactorsare used as
baselinesin the devel opment of wing targets, recommend utilizing
thesefactorsjust the same.

Developing and using visual information and electronic
mediumsarealsoimportant. Divide DLRsand consumablesinto
distinct sections to provide visual status of wing performance.
Color visuals are high impact and “paint” apicture of the wing
spending performance. Unique wing requirements define the
information presented. Theslidesshownin Figures 3through 7
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Figure2. Project Fund Management Report/Organization Cost Center Record Reconciliation (PFMR/OCCR Reconciliation)



areeffectiveinillustrating wing and unit spending performance.
Automation also makes the job much easier. The electronic
spreadsheet in Figure 8 (see page 8) portrays large quantities of
information at aglance. Develop and usetheseformatsto portray
wing spending performance. Today’ sfast-paced, high technology
Air Force also demands usage of electronic mail asamethod of
communication and CPFH information sharing. Developing and
utilizing other CPFH contactsinside and outsidethe MAJCOM
contributessignificantly to program success.

Accurate and timely reporting of wing CPFH information is
absolutely essential in providing necessary funding levelsfromthe
MAJCOM to support wing flying hour operations. Clear, concise,
and accurate information validates program expenditures and
rewards the effort expended in execution of the CPFH program.
TheMAJCOM ismorewilling to providefunding support for well-
managed programs than it is for programs having difficulty
validating their costs.

Funded CPFH
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Keys To a Successful CPFH Program

Program successis contingent upon many different variables.
Training isabsolutely thesingle most important factor in successful
program execution. At Aviano, CPFH block training has been
incorporated into maintenance training for operators, flight
commander briefings, and dedicated crew chief training. A
published wing CPFH guideiscurrently being used asamodel for
command guidance and has been submitted for Air Force-wide
adaptation. Additionally, the wing publishes and distributes a
bimonthly newsl etter with thelatest i nformation about the CPFH
processincreasesaudienceinterest and awareness. Highly trained
and informed personnel make smart mai ntenance decisions; smart
mai ntenance decisionsresult in cost savingsfor thewing.

Another key to program success is due to senior leadership
commitment and support. A flying-hour working group,
commissioned by thewing commander and composed of members
fromfinancial management (FM) and thelogi sticsand operations
groups (LG/OG), meets monthly to review program issues and
providerecommendationsand direction. Thewing commanderis
briefed monthly with program updates and provides valuable
feedback and guidanceinturn. Commitment from thetop results
incommitment at all levels.

Maintainershaveasignificant stakein the CPFH process. Not
only must they know what the CPFH processis, they must couple
thiswith the exercise of supply disciplineand use of intelligent
maintenance procedures. From the very beginning, many of the
recommendationsfromthe AFLMA study, LM 931581, “ Aircraft
Depot Level Reparable Cost Per Flying Hour LessonsL earned,”
were adopted at Aviano. (3) Thereduced CPFH for thefirst six
months of fiscal year 1996 shows Aviano’ s SUCCEeSS.

DLR Cost Savings Recommendations

Following are some commonsense recommendations for
maintainersto facilitate DL R cost savings:

» Order only thepartsrequiredtofix thejob.

» Completely and accurately fill out al Air Force Technical
Order Forms 350, Reparable Item Processing Tag (AFTO
350). Thisistheaudit trail for repair and reducestime spent
introubleshooting and repair.

* Maintain tight control over due-in-from-maintenance
(DIFM). DIFM management isabsolutely critical to cost
savings. Rapidinjection of partsinto therepair cyclenot
only facilitatesjob completion, but increasestheavail ability
of fundsfor additional partsrepair.

» Takethetimeto develop and use good troubleshooting
skills.

» Follow technical data. If thereareproblems, takethetime
to identify them and submit the necessary paperwork to
resolvethem.

* Identify nonreparable parts as not reparable this station
(NRTS) immediately. Do not hold onto what cannot be
fixed. Valuablerepair dollarsaretied up, and, thismay be
theonly available spareintheinventory.

* Repair tothelowest possiblelevel authorized by technical
data. If therepair can be taken one step further, submit a
suggestionor giveit to the Alternate M ai ntenance Concept
(AMC) Consolidated Repair Facility (CRF) (Gold Flag) for
evaluation.

¢ Limit cannibalizations to mission essential components
only, and document all cannibalizations. Holdinganitem
for the sake of cannibalization causesasparesshortageand
addsto the cost of repairing the end itemin terms of both
money and man hours.

« Eliminate “swaptronics” between test stations.
“Swaptronics’ transfers failures from one test station to
another. Playing“swaptronics” with multimillion dollar
aircraft, pods, test equi pment, etc., only costs more money
overtime.

Consumables Cost Savings Recommendations

Consumablescost savingsare also possible, and thefollowing
isrecommended:

* Order only what isrequired to accomplish arepair; do not
order the* niceto haves.”

¢ Question all expenditures. Performing aninternal auditis
thefirst stepin controlling consumabl es costs.

» Lower the level of accountability and responsibility.
Commanders should be aware of the money being spent on
consumables, but itistheresponsibility of every individual
to spend money wisely.

*  When performing repair, practice carewhen using toolsand
test equipment. Tool and test equipment parts cost make
up agood portion of flying-hour consumablescosts.

» Beforethrowing away XB3 and XF3 items, check with the
AMC CRF (Gold Flag) to determine feasibility of repair.
If anitem can berepaired, devel op the capability and have
itapproved.

» Determine personnel requirementsfor individual equipment
(IE). Consider developing an | E folder on each person.

* Inventory current local purchase (LP) storeitems, establish
real requirements, and allocate acertaintarget every quarter
for LPitems.

» Accomplish an item-by-item review of all bench stock
items. Deleteitemsnot used for thelast threeto six months.
Serviceableitemsnot used and turned back into supply may
result in creditsto organizational accounts.

« Do not be afraid to say “no.” If it does not sound right,
chancesareitisnot right.

Changing costly maintenance practicesisthe single biggest
roadblock to CPFH success. This means overcoming ingrained
practicesin maintainers. Establishing firm mission capable status
(MICAPS) on every part without offering the back shop the
opportunity to repair still occurs. Timely return of aircraft to
mission capable status is essential; however, this practice
effectively takes the back shops out of the repair process and
contributes significantly to the cost of doing business. Firm
up MICAP requisitions after determining the shop cannot
accomplishtherepair. Thispracticewill bedifficult to change
and is a matter of balancing chargeable not mission capable,
maintenance (NMCM) time versus chargeable not mission
capable, supply (NMCS) time.

A brief word on AVPOL cost. The“fluid” nature of AVPOL
continuesto hamper effortsin accurately determining reasonsfor
higher than recommended AVPOL consumption. Aviano’'s
AV POL consumption and CPFH are higher than therecommended
consumption rates in AFI 65-503, USAF Cost and Planning



Factors, for F-16 C/D aircraft, and the reasons are a matter of
speculation. (2) The operations group has more control over
AVPOL coststhan any other organization. Aircraft configuration,
mission profile, sortie duration, number of deploymentsand their
locations, air refueling operations, and type of fuel used (JP4/JP8)
contribute to AVPOL CPFH. Many of these factors are beyond
program control; therefore, accurate accounting of all fuel receipts
continuesto bethe best available method in determining AV POL
CPFH. Monitor monthly consumption and closely examine any
unusual monthly spikes. Insimplified terms, AVPOL CPFH isa
result of cost per gallon and total gallons consumed.

CPFH program success does not happen overnight. It takes
monthsfor the program to evolveinto atool useablefor thewing.
Count on a solid year of data collection and awareness raising
before the program becomes a successful operation. Daily
mai ntenance by personnel who know about the program, support
for the program from every level, smart maintainersimplementing
and using smart maintenance and supply practices, and, most
importantly, highly-trained personnel throughout the flying
organizations contribute to reducing wing flying-hour cost. It
requirestime, patience, and perseverance, but thewing and, more
importantly, the Air Forcewill eventually realizeefficienciesand
cost savings.

CPFH Tipsto Remember

» If monthly expendituresincrease or remain the same and
flying hours decrease, CPFH will increase.

* AVPOL is“fluid” and hard to account for. Leave the
responsibility for explaining AVPOL fluctuation to the
operationsgroup.

e Follow-up, investigate, and correct all program
inconsistencies.

e Trainingfor all personnel isthekey to wing cost savings.

» Ensurecreditsfrom deficiency reportsare accounted for and
correct, but do not usethem asapreferred method to reduce
flying-hour costs.

» Smart people plus smart maintenance and supply practices
equalswing savings.

» Become “in tune” with available technology: graphics
programs, supply databases, the Internet, etc. Use
technol ogy to your advantage.

» Striveto beproactive; avoid being reactive.

* Know whento report and what to report. Report the news,
do not makethe news.

» Developand maintain agoodfileplan. Historic datacan
make or break a CPFH program.

Additional Requirements

As of this writing, there exists no standardized database
collection method to determine exact costs of specific weapon
systems. A dBaselV program obtained by the Aviano CPFH office
from the 52nd FighterWing, Spangdahlem Air Base, Germany,
isbeing used and refined to execute program efficiencies. This
program converts the Reparable Support Division Summary
Report (D26) into usable information. This program is very
helpful in determining such thingsasNRTSratesand item prices;
however, it only sorts DLR items and is not able to determine
specific weapon system CPFH. This continually improving
program is an opportunity to replace the Reparable Support
Division data consolidation program of the past. To date, use of

an

thisdBase|V program at Aviano hasresulted inidentification and
recovery of over $1.5milliondollarsin erroneous DLR charges.
A similar program ableto account for all spending activity, DLRs
and consumabl es, and abl eto sort by specific weapon system work
unit code will greatly benefit the entire combat air forces.

CPFH Program Direction?

The future of the CPFH program is unclear. Although
sanctioned to report and monitor flying-hour costs, it isuncertain
how information collected by the CPFH program is used in the
fiscal year budget process. The need for the program has been
established, but the program needs have not been defined. Several
key questions about the CPFH program remain:

*  Will theAir Force establish standardsfor determining and
reporting CPFH? Capturing and accurately reporting all
commodity costs, not just DLRs, is essential to ensure
sufficient wing flying-hour funding levels from the
MAJCOMs.

*  Whenwill an improved database be devel oped that will
capture consumable and DLR costs?

*  HowisAF 65-503, USAF Cost and Planning Factors, used
to develop aCPFH program?

* How arethelogisticscost factorsrelated to AFCAIG rates?

* How important are weapon system and aircraft CPFH in
determining future procurements?

*  Will system mean time between failureratesand reliability
and maintainability be balanced with system and aircraft
CPFH?

* Finally, what does CPFH really mean? Without
performance measures to gauge progress and attainable
goasto strivefor, the CPFH program becomes another data
collection agency churning out reams of meaningless
information in afutileattempt to justify expenditures.

Conclusion

Military members are stewards of the budget allocated by
Congress; therefore, financial responsibility will become an
important and added job skill for operators and maintainers.
Proactive and visibletraining programs are al so essential to the
success of the CPFH program. Highly-trained personnel aware
of their financial responsibilitiesintheflying program contribute
significantly to reducing CPFH. The continued devel opment and
eventual implementation of a standardized CPFH program
throughout the combat air forcesisessential intheface of ever-
shrinking defense budgets. The program at Aviano can be used
asacornerstone in the construction of asolid combat air force
CPFH program.
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Editor’s Note:

TheAir Force Logistics Management Agency (AFLMA) iscurrently analyzng the Cost-Per-Flying-Hour (CPFH) program. The
following answersto theauthors’ questionsabout the CPFH programdirection are provided by Captain Robbin VVaughn, the project
manager for the AFLMA project LM9629920, “ Analysisof the Air Force Cost Analysis | mprovement Group Cost Per Flying Hour

Process.”

Background

The Air Force Cost Analysis Improvement Group
(AFCAIG) ratesfor CPFH vary among major commands and
wingswith like mission design series (MDSs). During the 30
November 19 95 Supply Management Business AreaGeneral
Officer Steering Group (GOSG) meeting, HQ USAF/LGSY
(AFCAIG) was tasked to review and develop options for a
standardized approach to CPFH for GOSG consideration. HQ
USAF/LGSY taskedthe AFLMA to evaluatethe development
process of the CPFH program package. The AFLMA is
performing an exploratory analysisof the process used to build
CPFH rates.

Questions and Answers

Q. Will the Air Force establish standardsfor determining
and reporting CPFH? Capturing and accurately
reporting all commodity costs, not just DLRs, is
essential to ensure sufficient wing flying-hour funding
levelsfromthe MAJCOMSs.

A. Yes. The AFLMA is currently studying the CPFH
process. Thisproject isattempting to definethe purpose
of the CPFH program, analyze the current CPFH
development process, and streamline and recommend
changes, if needed. The project is scheduled for
completionin September 1996.

Q. Whenwill animproved database be devel oped that will
capture consumable and DLR costs?

A. Atthistimethereisnot adatabase under devel opment
to capture consumable and DLR costs. However, the
new Integrated Maintenance Data System (IMDS),
currently under development, will be ableto enhance
communication and increase visibility of assets and
associated costs between maintenance, supply, finance,
and transportation systems.

Q. How isAFI 65-503, USAF Cost and Planning Factors,
used to develop aCPFH program?

A. AFI 65-503, USAF Cost and Planning Factors, isthe
compilation of the CPFH program. Datafrom the CPFH
programisput into AFI 65-503. AFI 65-503 displays
theratesand costsfor different itemsincluding aircraft
maintenance and personnel.

Q. How are the logistics cost factors related to AFCAIG
rates?

A. Theverified AFCAIG CPFH ratesbecomethelogistics
cost factors.

Q. How important are weapon system and aircraft CPFH
in determining future procurements?

A. Very important. CPFH rates are based on the cost of
depot level reparables (DLRs) and consumables
(General Support Division and Systems Support
Division). Thepriceof these partsincludeasurcharge.
These surcharges are used to make future buys. Hence,
today’ s pricesincludestomorrow’ s purchases.

Q. Will system mean time between failure rates and
reliability and maintai nability be balanced with system
and aircraft CPFH?

A. Yes. Aswe get a better handle on system mean time
betweenfailureratesand reliability and maintainability,
wewill seeadecreaseinoverall CPFH. CPFH isadirect
correlation of thosefactorsand their associated coststo
the Air Force. Any changes in those factors will
eventually show up inthe CPFH rate.

Q. Finally, what does CPFH really mean? Without
performance measuresto gauge progress and attainable
goalsto strivefor, the CPFH program becomes another
data collection agency churning out reams of
meaninglessinformation in afutile attempt to justify
expenditures.

A. Thereareseveral definitionsfor CPFH depending onits
intended use and level of decision making. However,
CPFH is universally accepted as the budgeting and
analysistool for determining the Air Force' sbudget to
fly airplanes. Technically speaking, the CPFH process
isrelatively simple. Last year’s budget is used as a
baseline; requirementsare used as adjustmentsfor the
future. These rates are combined to form the CPFH
rates.

CaptainVaughnisaproject manager intheMaintenanceand
Munitions Division of the Air Force Logistics Management
Agency, Maxwell AFB, Gunter Annex, Alabama.
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Environmental News

A Lesson Learned: The Proper Disposal of
Spent Lithium Batteries

Naval Air Station, Jacksonville, reported afirein their hazardous
waste storage facility in adrum containing spent lithium batteries.
Batteries were discharged and packed with vermiculite in a 55-
gallon drum. The next morning the drum began to vent sulfur
dioxide gas. The manufacturer recommended that venting be
allowed to continueuntil thereactionwascomplete. Two hourslater
hazardous waste handl ers decided to move the drum outside to a
bermed |oading dock dueto poor ventilation insidethe hazardous
wastebuilding. Thecontentsof thedrum spontaneoudly ignited and
fell from the forklift onto the outside loading ramp. Thefire
department extinguished thefirewith sand in accordance with the
manufacturer’ s recommendations.

The batteries involved in this particular incidence were
Eternacell BA-560, Battery, Non-Rechargeable, NSN
6135-01-168-2944, manufactured by Power Conversion, Inc.,

Elmwood, NJ. Discussion with the manufacturer indicated that
whenthedischarge switchisactivated, all threecellsarenot fully
discharged and the battery will attempt to rechargeitself. When
this occurs, a small amount of heat may be generated causing
batteriesto vent and rel ease sulfur dioxide.

To avoid future similar incidents, the facility initiated new
procedures which call for customer/generator to completely
discharge the batteries in an open, well-ventilated areafor five
daysprior to packing for disposal. Thiswill ensurethe batteries
are fully discharged and any heat generated is completely
dissipated. Batteriesarethento be packed inindividual ziplock
plastic bags and covered with clay within the drums.

For moreinformation, contact the Hazardous Waste M anager
at NAS Key West, FL, at DSN 483-2583 or (305) 293-2583.

Reprinted from Global Environment Outreach, Vol 3, Issue7, Air Combat
Command and Radian Corporation, June/July 1996.

Managing Used Antifreeze

All ACC [Air Combat Command] bases generate used
antifreeze from maintaining vehicles and refrigeration chillers.
Most ACC personnel believethat used antifreezeisnot aproblem
becauseit’ srecycled by distillation or filtration (e.g., “ Bad Ethyl”
distillation units and filtration units that recover usable
antifreeze). However, improper management of used antifreeze
has previously resulted in enforcement actions at some bases. |If
you're struggling with how to properly manage your used
antifreeze, this article has some answers for you.

Used antifreeze falls into the regulatory category of spent
materials—material sthat have been taken out of service because
they’re contaminated from use (refer to 40 CFR 261.2).
Hazardous waste regulations further categorize spent materials
that are processed into usabl e productsas solid waste (see 40 CFR
261.2, Table 1). These categorizationsultimately determine how
used antifreeze must be managed evenif it isreclaimed through
distillation or filtration.

For used antifreeze that is recycled into usable products,
generators must follow these steps:

 testtheused antifreezeto determineif itishazardouswaste
(40 CFR 262.11);

» if ittestsas HW [hazardous waste], properly manage the
used antifreeze as HW (40 CFR 261.6);

« accumulate the HW antifreeze in satellite or 90-day
accumulation points IAW [in accordance with] all HW
requirementsand;
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» transport the HW antifreeze off-site IAW proper HW
manifest procedures.

« if required by state regulations, register and permit the
recycling operation with the state.

HW rules do provide afew exceptions for used antifreeze.

e Used antifreeze that is reused in another piece of
equipment without processing it first to obtain a usable
product is exempt from HW regulations [40 CFR
261.2(e)].

» Used antifreeze that isrecycled and returned in a closed
loop to the original equipment item or vehicleisexempt
from HW regulations. Closed loop recycling involves
withdrawing thefluid, processingit into ausable product,
and returning it to the original processin an engineered
closed loop (all connectionsare piped and no storage unit
or other container is attached to the recovery system.)

Bottom line: used antifreeze recycling operations are
regulated in the same manner as spent solvents (e.g., Safety
Kleen). Direct reuse of such materials or closed-loop recycling
areexcluded fromregulation. Stay tuned for afuturearticleon
awaysto legally exempt spent antifreeze from HW regulatory
requirements. (Dr Kaye Sigmon, ORNL [Oak Ridge National
Laboratory], (423) 574-6658)

Reprinted from the ACC ECAMP Examiner, Vol 1, Issue2, Air Combat
Command and Radian Corporation, July 1996.
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| mproving the Air Force Logistics System—Getting Back to Basics

Douglas Blazer, PhD

I ntroduction

Theory of Constraints, Reengineering, Lean Logistics, Process
Improvement Teams—it seems everywhere you turn these days
someoneistrying to redesign some part of the Air Forcelogistics
system. Oh, itisinneed of improvement, thereisnodoubt. And
some of the proposals are radical. Some take an item manager
perspective, while othersview the problem from baselevel. All
agree something is needed.

Thisarticle providesanother view on what the Air Force needs
from arecoverable spares |ogistics—requirements, allocation,
and distribution—system. | begin by defining the goal of the Air
Force logistics system and the criteriafor an effective system. |
then get back to basics. | discuss some inventory principles—
academically proven and timetested applicationsfor inventory
management. Finally, | propose some actions the Air Force
should taketo meet itsgoal.

Goal of a Logistics System

Thegoal of the Air Forcelogistics systemisto attain peacetime
and wartimeaircraft availability goal swith the minimum amount
of inventory and operating expense. Thisimpliesthe Air Force
should:

» Make resource allocation decisions based on the largest
gaininaircraft availability.

* Minimizeinventory investment (whilestill achieving the
readiness goal).

* Maximizetheuse of existing inventory and resources (at
minimal additional expense) to increase aircraft
availability.

Criteria for an Effective System

Tomeet thisgoal, the Air Force needsanumber of things. The
Air Force wants credible requirements that relate to mission
performance (aircraft availability). The budget levels must be
dependable and credible; the Air Force needs to identify the
mission impact of any funding changesto itsrequirement. The
system must be responsive to the user—the operating major
commands (MAJCOMs)—in both peace and war. Aircraft
availability should drive execution (procurement, repair, and
distribution) and the users must define the aircraft availability
goals that dictate the priority of execution decisions
(procurement, repair, and distribution). All subsystems must be
motivated to optimizethe system performance measure—aircraft
availability. Therefore, all subsystems must have performance
measuresdirectly linked to weapon system avail ability.

The Air Force should identify and implement improved
business practices. If theseimproved business practicesincur a
major effort or expensetoimplement, the Air Force should apply

theimproved business practicesto theitemsthat matter the most.
For example, if it is not practical or economically feasible to
improveaprocessfor all items, then improvethe processfor the
top five percent of theitems.

Finally, sincethe Air Force depot manpower isreducing, itis
important to make the system less manpower intensive. This
means a simpler, more timely requirements system; one that
requireslessdataor hasamuch improved database management
system.

I think all can agree to the goal of alogistics system and the
criteriafor an effective system. Beforel propose specific actions
the Air Force shouldtake, | will first discuss somebasicinventory
principles.

Inventory Principles

There are principles of inventory that have been tested
and proven over time. Although these principles seem
straightforward, inventory managersand | ogisticiansresponsible
for developing and improving inventory systems tend to lose
focus occasionally. | feel it is valuable to reiterate these
principles.

System Optimization Models

All other things being equal, multiechelon, system
optimization models will outperform nonoptimization,
single echelon, single item models, especially if the system’s
measure of merit isthe optimization goal. (7,10) So, for example,
a multiechelon, multiindenture model that maximizes aircraft
availability at minimum inventory cost will always outperform
asingle echelon, singleiteminventory requirements model. By
outperform, | mean provide ahigher aircraft availability at equal
cost or provide equal aircraft availability at lesscost. A RAND
Corporation study showed for a group of F-16 items that three
different multiechelon, optimization models resulted in 10%
higher aircraft availability with the same inventory investment
as the nonoptimal fixed safety level requirements model—the
same model the Standard Base Supply System uses to compute
demand levels. (4)

Besides determining inventory requirementsbased on theright
objective function, these optimization models consider the entire
system—Dboth base and depot level and end item and their
reparable subcomponents. System-wide visibility canimprove
inventory performance. System optimization models outperform
nonsystem-wide (single echelon, singleitem) models. However,
even if the requirements model is not system wide, visibility of
all assets (and inventory performance) in the system canimprove
performance. For example, consider an item with insufficient
assets at the depot, but with extra assets available at base level.
Thedepot may needlessly procure more assets because of thelack
of base asset visibility.
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Thissystem visibility example pointsout another fact: system
suboptimization is very possible. For example; reducing
transportation funding thereby increasing the pipeline and
resulting spares cost; reducing consumabl e partsfunding thereby
increasing repair line stoppages and increasing spares and |abor
cost; and maximizing base-level repair thereby increasing Air
Force labor costs.

Shorter Pipelines

Shorter pipelines mean less cost, better responsiveness, and
better operational performance. Any effortsto reduce the time
it takes to buy, repair, ship, and handle inventory can reduce
inventory investment and/or operational downtime. Reducingthe
order and ship time (OS& T) one day reduces the computed Air
Force recoverable item requirement by $17.2 million ($11.2
million for buy and $6 million for repair). (3)

Requirements Deter mination

Computing requirementsisthe most i mportant determinant of
how aninventory system performs. (4) Other areas—determining
how to prioritize, buy, repair, and distribute assets—are also
important. But regardless of how well one operatesthe system—
how quickly assets are repaired and how well they are
distributed—without the right mix of assets, the system will not
perform effectively and efficiently. RAND showed despite using
an “optimal” method to prioritize, repair, and distribute assets,
without the right mix of assets, the optimal repair model results
inlower aircraft availability than asystem that optimizesthe mix
of assets and repairs nonoptimal, first-come, first-served. (4)

ABC Analysis

Another time-tested practice is called ABC analysis. (9)
Basically, ABC analysisisbased on observationsthat, typically,
lessthan 20% of theitemsdrive 80% of the cost (or activity) and
5% of theitemsaccount for the mgjority of cost. It recommends
segregating inventory into three categories: (1) the most
important (most costly) “A” (5%) itemswhereit iscost effective
to specially manage, (2) theimportant (relatively moderate cost)
“B” (15%) itemswhere it is cost effective to take some special
management measures, and (3) the less important (relatively
inexpensive) vast majority (80%) “C” itemsthat do not require
any special management actions. In short, it pays to handle
classes of items differently and to control investment in ways
which appropriately manage the high-cost items.

Forecasting M ethodology

The next inventory principle comes from forecasting theory.
Choosing a forecasting method should depend on the time
horizontoforecast. (9) Generally speaking, inventory managers
should use a different model for long-term (two to four years)
forecaststhan for short-term (twoto four weeks) forecasts. Today
the Air Force usesthe same method, atwo-year moving average,
to forecast long-term budget and procurement actions (atwo to
fiveyearsforecast horizon) asit usesto forecast short-term repair
(14 t0 90 days).

Proposalsto Improve the Air Force
Requirements System

Keeping these inventory principlesin mind, | propose a
number of initiatives for the Air Force to improveits ability to
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meet aircraft availability goals with the minimum amount of
inventory and operating expense.

(1) Continuetoreduceresponsetimesand changethepipeline
requirements factors. Thecurrent effortsto streamline depot and
transportation pipelines have been effective. Reducing pipeline
times for items in a buy requirement and/or high-cost repair
should receive priority attention. Streamlining the processisonly
half the battle. The Air Force must also change the factors used
to computethe pipelinerequirements. Changing thefactorswill
reduce buy amounts and decreaseinventories.

(2) Reducethebase portion of the pipelineto complement the
depot and transportation process improvements. Significant
improvements have been made in depot and transportation
pipeline performance. (2) However, the base portion of
the pipeline still needs to be reduced. An Air Force Logistics
Management Agency (AFLMA) study documents the
improvement in retrograde and resupply time, but shows the
timescould bereduced further. (2) Additional savingsispossible
by improving the base process. The AFLMA is currently
reengineering the base process. Thisisaworthy effort, and the
Air Force should test the AFLMA reengineered process as part
of PACER LEAN.

(3) Repair, buy, and distribute (allocate levels) reparable
assets based on aircraft availability goals. Centralized,
multiechelon optimization models are the way to go. The Air
Forcerecently directed theimplementation of Readiness Based
Leveling (RBL) to set both depot and base levels. The RBL
allocates the Aircraft Availability Model (AAM) computed
worldwide requirement to minimize base-level backorders. The
Air Force still needsto implement Execution and Prioritization
of Repair Support System (EXPRESS), which appears best able
to meet the Air Force needs to repair and distribute based on
aircraft availability goals.

(4) Continuously improve the database and requirements
process. The Air Force hasrecognized the need to improve the
accuracy, validity, and responsiveness of the requirements system
database. TheAir ForceMateriel Command (AFMC) hasformed
aTiger Teamtoimprovetheaccuracy of therequirementssystem
database. Theteam consistsof both retail and whol esal e experts.
Besides a“clean-up” of the databases, the team must put tools
in placeto continuously monitor the database and take corrective
action when inaccuracies are found. For example, if base
personnel identify an error in their base’s data in the depot
database, they should have the automated means to correct the
error immediately (rather than the next quarterly report).

(5) Forman Air Force Requirements Team. The Air Force
should establish acentralized requirementsteam at HQ AFMC/
L G to continuously monitor the requirements models and their
databases. The Team would consist of math modelers as well
as functional database experts (similar to the HQ AFMC
Requirements | nterface ProcessImprovement Team or the Ogden
team operating the Distribution and Repair in a Variable
Environment). The team will monitor model policy input
parameters as well as the data and make policy exceptions as
necessary for individual itemsor circumstances. Theteamscould
include MAJCOM liaison officers.

(6) Reduce inventory for other (non-demand based
requirements) major requirement categories. The Air Force



analysiscommunity meticulously reviewsthe modelsand policy
used to compute the approximately $3 billion of Primary
Operating Stock (POS) grossrequirement. Comparatively little
is done to analyze the significant amount (over $3.9 billion of
additive, special levels, floating stock, and insurance item
requirements) of the Air Force gross spares requirements not
computed in the Air Force Recoverable Item Requirements
System (D041). (3) If the Air Force is to significantly reduce
inventory, it must find ways to reduce these non-demand based
requirements. Thisincludes exploring waysto reduce wartime
nonoptimized (NOP) item requirements through improved
forecasting, marginal analysis, regionalization, or consolidation.
Similarly, the Air Force could find ways to consolidate and
reduce additivesfor spares support lists (both initial and follow-
on provisioning) and base adjusted levels.

@) Develop acredible Other War Reserve Materiel (OWRM)
requirement. The OWRM concept—those spares necessary
over and above POS and Readiness Spares Packages (RSP)
requirements to sustain the wartime operations tempo—is still
valid. The OWRM requirement should consist primarily of
component parts necessary to repair sparesat the depot that fail
at the bases in the first 30 days of the war and will be
subsequently needed plus additional spares to replenish
condemnations caused by the increased wartime tempo. The
implementation of the OWRM requirement is more important
with two levels of maintenance and Lean L ogistics concepts
becausethe depot iseven moreimportant to wartime support. A
L ogistics Management Institute (LMI) analysis showed both
technical and conceptual problems with the current Air Force
OWRM computation. (8) However, the Air Force OWRM
requirement, although unfunded for years and not officially
accepted, continuesto bereflected in the D041 computation and
Air Force Central Secondary Item Stratification (CSIS). Asa
result of a HQ USAF/LGS tasking, the LMI isworking with
AFMC to review and improve the Air Force’s OWRM
computation.

(8) Develop“ lean” retention policies. Aspart of theanalysis
to determine how (and on what items) to reduce requirements,
the Air Force should review its inventory stratification and
retention policies and the implications of reducing the
requirementswith today’ sstratification and retention policy. For
many items, reducing requirementswill only increase the number
of assetsinlong supply. Although the Air Force may chooseto
dispose of some assets in long supply, thereby reducing
inventory, the economic benefits of disposal are small—thereal
goal isto reducethe requirement so the Air Force buysand repairs
fewer items. Thus the Air Force could determine: (1) which
items will yield the greatest improvement via application of
processimprovements, (2) how and when to reflect those process
improvements in the requirement, (3) how to reflect the new
requirementsin the stratification, and (4) an appropriateretention/
disposal policy.

(9) Reexaminethe benefits of the Reparable Stock Fund. The
Depot Level Reparable Stock Fund isapproaching itsfifth year.
It may be time to revisit stock funding to determine if it has
achieveditsgoals. More specifically, does stock funding support
LeanLogisticsandisit consistent with thecentralized direction
therequirements systemistaking? RAND and LMI reportshave

guestioned the costing methodology and suggest inaccurate
pricing motivates ineffective (and costly) behavior. (1,6) The
AFLMA'’s two-level maintenance analysis indicates stock
funding motivates basestowards more base-level repair—atrend
contrary to two-level maintenance. (5)

Conclusion

TheAir Forcerecoverablelogistics systemisbenefiting from
the review provided by all the efforts aimed at improving it.
These improvement efforts should share acommon goal and be
based on solid inventory theory and principles. Itistimefor a
change, and | believe my proposals will provide the basis for
improving the Air Force's recoverable spares requirements,
allocation, and distribution system.
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Predicting Wartime Demand for Aircraft Spares

F. Michad Slay
Craig C. Sherbrooke, PhD
Lieutenant Colondl David K. Peterson, USAF

I ntroduction

United Statesfighter aircraft demanded surprisingly few spare
partsin DESERT STORM despite flying long hours. Although
the sorties flown were much longer than their peacetime
counterparts, demands per sortie remained about the same. This
simple observation raised suspicionsthat partsfail on the basis
of sortiesflown, not hoursflown, even though Air Force planning
systemsforecast demands on the basis of projected flying hours.

In 1993, the Air Forcerevised the USAF War and Mobilization
Plan, Volume 5 (WMP-5) to account for the longer sortie
durations expected when responding to future regional
contingencies. (3) Had the Air Force continued to assume
demands are proportional to flying hours, the wartime spares
requirement would have increased dramatically. Furthermore,
unit capability assessments would have been too low to be
credible. Since this situation would be unacceptable, the Air
Force operations and logistics communities agreed to a
moratorium on implementing the revised WMP-5 until a
better demand forecasting method could be found.

Because wartime demand is predicted from peacetime data—
and these predictionsdriveinventory investment and capability
assessments—it is critical to know whether spares demand is
really determined by the number of sorties, by flying hours, or
by some combination of them. Our analysis confirmed demand
isindeed much more closely related to sortiesthan to flying hours.
The Air Forceisnow incorporating the results of our researchin
its computation of wartime spares, avoiding a $1.1 billion
overstatement in the gross requirement. The wartime spares
investment resulting fromimplementing therevised war plans—
along with the new method of computation—changes only
modestly, and unit capability assessments are morerealistic.

Webeginwith areview of previousresearch and then examine
some DESERT STORM findings. Then wereview the analysis
of F-15C/D and other tactical aircraft data sets. From this, we
develop a new demand model and then look at some practical
considerations.

Previous Research

Quantitative Studies of Maintenance Removals Versus
Sortie Duration

In peacetime, the average sortie duration is fairly consistent
from year-to-year, making sortie duration and flying hours
convenient methodsfor predicting peacetime spares demands. A
number of studies performed in the 1960s and 1970s used
regression analysis to explain maintenance removals per
sortie, Y, as alinear function of the sortie duration in hours,

a0

X (seeEquation1). (1,6) Because sparesdemand datawere often
unavailable, unscheduled maintenance removalswere used asa
surrogate. Colonel C. C. Shaw, who performed many of these
analyses, chose to express the relationships as a constant term
representing maintenance removals arising from a one-hour
mission plusavariablefor the additional removalsfor durations
beyond one hour:

Y=a+b(x-1).

Equation 1

wherea and b are regression coefficients that vary by aircraft.

To enable comparison between aircraft with very different
failurerates, we must factor out the coefficient “a” to normalize
the incremental removals per hour. Thus the regression model
becomes:

7 b U
Y=a§ +2(x 1)
ag a(X )H

Equation 2

The normalized slope (b/a) is the fractional increase in
maintenance removals per additional hour of sortie duration.
Table 1 gives this normalized slope as derived from various
previousstudies. (1,4,6) Using asan examplethebottomlinein
Tablel, weseethat for the B-52D aircraft, the normalized slope
is20%. Inother words, for each hour of sortie duration in excess
of one hour, the number of unscheduled maintenance removals
increases by 20% of the baseline (one-hour) rate. Alternatively,
we could say the B-52D maintenance removalswere 20% flying-
hour driven (80% sortiedriven). Wewill usethisdefinition|ater
inthisarticle.

What can we conclude from Table 1? A normalized slope of
0% would indicate maintenance removals are purely sortie
driven. Ontheother hand, a100% slopewouldindicateremovals
are purely flying-hour driven. All of the slopesin Table 1 fall
between these extremes, averaging about 19%. The slopes are
much closer to 0% than to 100% suggesting demand is much
more closely related to the number of sortiesthan to the number
of flying hours.

However, the studies cited are of only limited relevance to
current tactical fighter aircraft, for three major reasons:

» Theaverage sortie durations, in those studies, are much
longer than typical fighter sortiedurations. Thetransport



Normalized

Aircraft Systems Slope(%)
C-5A All 5
C-5A Engine 8
C-141 All 28
C-141 All 22
C-130E All 33
B-52D All 20

Number of
Sorties Author Date

Examined
79,181 Shaw 1980
79,181 Shaw 1980
835,000 Shaw 1980
73,000 Shaw, Howell 1980
45,000 Shaw, Howell 1980
10,809 Boeing 1970

Tablel. Regressionsof Maintenance Removalson SortieDuration

aircraft have average durations of about 4.5 hours; the B-
52D about 8 hours.

» Each aircraft was flying only one type of mission, while
tactical missionstend to encompass avariety of mission
types.

* Thedataisover 15yearsold.

Another problem with data such as these that have not been
collected inacontrolled experiment ismost of the sortie durations
were clustered about the average. For example, 80% of the
transport sorties were between three and six hours. The only
exception is the B-52D data, which were collected from three
bases flying combat missions in the 1960s. Since average
durations for the three bases were 4, 8, and 11.2 hours, the
dispersion was particul arly good for studying theimpact of sortie
duration on maintenanceremovals.

DESERT STORM Experience

During the first 30 days of DESERT STORM, one F-15C
squadron of 24 aircraft we examined, flew 236% of its planned
WMP-5 flying hours but only 85% of the sorties (Table 2).
Furthermore, observed demand rateswere much lower than those
expected from pureflying-hour-based demand forecasts. On an
item-by-item basis, 214 of the items were better estimated by a
pure sortie-based forecast, 58 by a pure flying-hour-based
forecast. Similar results were obtained for a group of 72 F-16C/D
aircraft. These results are consistent with the literature review
and support our suspicions about using pure flying-hour-based
demand forecasts for building and assessing wartime spares
requirements.

Data Category F-15C F-16C/D

DESERT STORM asaPercent of Planned Activity

30-Day Number of Flying Hours 236% 142%

30-Day Number of Sorties 85% 91%
Accuracy of Forecasted |tem Demands Per Flying Hour

Over-Predicted by More Than 25% 84% 81%

Within+/- 25% % 10%

Under-Predicted by More Than 25% 9% %
Number of Items Predicted Better by

FlyingHours 58 23

Sorties 214 117

Table2. DESERT STORM Data

Data Analysis. An F-15C/D Case Study

We analyzed two types of data from the Core Automated
Maintenance System (CAMS): operational (tail number, sortie
length, time, location, and mission type) and maintenance (tail
number, start time, work unit code (WUC), how malfunctioned,
when discovered, and action taken). * We could not tie supply
datato sorties, so we used maintenance removals as a surrogate
for demands on supply. Detailed results are presented for the
F-15C/D at Langley AFB, Virginia, from January through late
September 1993, followed by summaries of those for other
tactical aircraft with WMP-5 wartime tasking. We excluded all
tail numbersthat were deployed to Southwest Asiain this period,
sincetheir mission typesand utilization were quite different. We
begin with noting some confounding effects which had to be
controlled for intheanalysis.

Identifying Confounding Effects

For the 68 aircraft in our database, aircraft that flew only once
onaparticular day had the most demands. When an aircraft flew
multiple sorties during a day, demands were much lower and
tended to decline slightly with each succeeding sortie, except for
the final sortie of the day, when the rate was almost as high as
for an only sortie of the day (Table 3, next page). While sortie
number has never been identified asan important variablein any
previous study, it has emerged as a significant variable in our
research.

Differences in mission type also caused large differencesin
demand rates(Table4, next page). During aerial combat training
sorties, the aircraft are heavily stressed and may pull asmuch as
eight Gs. In contrast, cross-country training sorties tend to be
longer and less stressful, as are training deployment sorties.
Becausethe shorter sortiestend to be more stressful missions, this
table shows higher demand rates associated with shorter
sorties. If we had not accounted for the effect of mission type,

" The maintenance history records of interest arethosefor on-aircraft removals,
excluding cannibalizations and those items removed to facilitate access to other
items. We excluded maintenance removalswith How Malfunctioned codes
indicating No Defect. WUCs 0-09 were excluded because they are aircraft
servicing codes. Technical Order Compliance items were excluded since they
arenot dueto activitiesfrom theprevioussortie. Weexcluded Time Changeitems
aswell, since these depend on number of hours or sorties, not activitiesfrom the
previoussortie. We linked the maintenance start time to the previous sortie,
except that we excluded sortie aborts (When Discovered = C) because, by their
very nature, they generally reflect shortened sorties. When Discovered =K, M,
and Q records were excluded because they reflect hourly post-flight or special
ingpections, werefew in number, and not usually related to activities during the
previoussortie.
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it would have overwhelmed any positive relationship between
demands and sortielength.

Number Average Average
SortieNumber of Day  of Sorties Lengt Demands?gortie

(Hours)
Only Sortieof Day 1,857 154 0.62
1of Multiple 2,804 135 0.17
20of Multiple 79 122 0.14
3of Multiple 418 115 0.12
4of Multiple 178 112 0.10
5of Multiple 45 1.00 0.11
60of Multiple 1 0.90 0.00
Fina of Multiple 2,820 133 0.52
Overall Total/Weighted 8,919 1.36 0.37

Average

Table3. Impact of SortieNumber on L angley F-15C/D Demand

Number Average Average
Mission Type of Sorties Lengt Demands/Sortie
(Hours)
Aerial Combat Training 7,247 132 0.39
Cross-Country 498 1.47 0.15
TrainingDeployment 973 164 0.27
Other 201 1.23 0.56
Overall Total/Weighted 8,919 1.36 0.37
Average

Table4. Impact of Mission Typeon Langley F-15C/D Demand

Inanalyzing demand ratesfor aircraft based at multiple sites,
we found pronounced location effects. For example, inthe case
of the A-10, there were six regular USAF bases with a high
average of 0.29 demands per sortieand eight Air Force Reserve/
National Guard bases with alow average of 0.12 demands per
sortie. Itisimportant to control for theselocation effectsto avoid
a spurious high slope, which could result because the high-
demand-rate bases had alonger average sortie duration of 1.83
hours as opposed to 1.56 hours for the low-demand-rate bases.
Similar differences between Reserve/Guard and regular USAF
bases were found for the F-16.

Modeling Demands Versus Sortie Duration

We analyzed as a group the 7,108 aerial combat training
missions that took off and landed at Langley. This group
comprises most of the sortiesin the data, yet is unbiased by the
impactsof missiontypeandlocation. Wenoted one of thehighest
demand rates was for the group of 177 sorties lasting less than
0.8 hours. We excluded these sorties because of their high
prevalence of functional check flightsand air aborts. Functional
check flightsarevery short, very-high-failure post-maintenance
test flights. Theoretically, air aborts should be included, but
tabulated according to the planned sortie duration, not the actual,
shortened duration resulting from the air abort. Unfortunately,
planned sortie duration was not available.

Theresulting regression wasfor sortie durations between 0.8
and 7.3 hours and includes 7,020 sorties. Theregression has a
slope of about 18% and is statistically significant at the 95% level
(thereislessthan a5% chancethat such alarge slope could occur
by chance absent any real relation between sortie duration and
demand).

As noted earlier, in our discussion of Table 3, the impact of
only/last sortiein comparison with other sortiesisvery large. It

10

isstatistically more significant than sortie duration even after the
short sortiesare eliminated. We found most of the differencein
demand rates between earlier sorties of theday and thelast sortie
of the day results from deferred maintenance, not grounding
breaks. Thusthe demand rate after earlier sortiesis understated
and the demand rate after the last sortieis overstated. Sincewe
are trying to relate the actual demand to each sortie, we define
an early/last sortie variabl e that assumes avalue of minusoneon
the earlier sorties, avalue of one on the last of multiple sorties,
and avalue of zero on the only sortie of the day. We estimate
the magnitude of this deferred maintenance by a regression
assuming the amount of overstatement on the last of multiple
sorties equal sthe amount of understatement on an earlier sortie.

Whenthisvariablefor earlier/last sortie and sortie durationis
used asindependent variablesin amultipleregression, the slope
for demand as a function of sortie duration drops to 13% (still
statistically significant). The smaller slope results because the
last sortie of the day, which has more demand, tendsto beslightly
longer, as can be seenin Table 3.

Figure 1 is a scatter-plot of three F-15C/D data sets
(normalized to aone-hour average sortie duration):

¢ The 1993 Langley training missions (from CAMS data
discussed earlier).

¢ The 1993 Dhahran SOUTHERN WATCH missions (from
the CAMS data for 1,224 Saudi Arabia sorties with an
average duration of 3.29 hours).

* Al 1994 F-15C/D sorties (datafor 20,060 sortieswith an
average sortieduration of 1.57 hours, from the Reliability
and Maintainability Information System (REMIS), which
isaworldwide roll-up of base-specific CAMS data).

Each point on the scatter-plot represents all the sorties at a
particular sortielength. For example, the extreme right-hand plus
sign represents seven 6.0-hour sorties. Unfortunately, therewere
few Langley training sorties above three hours and few Dhahran
sorties above four hours.

Thus, many of the points on the right-hand side of the graph
represent only afew sorties. Even though we could not show the
number of sortiesfor each point inthefigure, all regressionsand
mean-square error calculations weight those points by their
number of sorties.

Mean-Square Error Validating Data Set

Visually, thedatain Figure 1 seem closer to the 0% slopethan
tothe 100% slope, but we used the 1994 REM | Sworl dwide data
to confirm this.

Table 5 assesses five candidate model s against the 1994
F-15C/D REMIS data, showing the mean-square error for
each. I'nadditionto the modelsbased on pureflying hours, pure
sorties, and 10% flying hours/90% sorties, we also considered a
nonlinear model and apiecewiselinear model. Clearly, thedata
does not support using apure flying-hour-based forecast.

The parabolic model isacompromise between the pure sortie
model and the pure flying-hour model. The parabolic model
assumes demand isproportional to the squareroot of sortielength.
This nonlinear function produces a parabolic plot of demands
versus sortielength.

The 40%;6% flying-hour model is a piecewise linear model
that assumes demands are 40% flying-hour/60% sortie dependent



<> - 1993 Langley (Actual)

- 1994 Worldwide (Actual)

Demands/sortie

- [] - 1993 Dhahran SOUTHERN WATCH (Actual)

Pure Flying-Hour-Based
Prediction

Prediction Based on 10%
Flying Hours - 90% on
Number of Sorties

= | Pure Sortie-Based
Prediction

Sortie length (hours)

Model Mean-SquareError
PureFlyingHours 0.1001
Pure Sorties 0.0048
10% Flying Hours 0.0085
Parabolic 0.0234
40%,;6% Flying Hours 0.0101

Table5. Modd Evaluation Versus 1994 F-15C/D REM| S Data

for sorties up to 1.5 hours and 6% flying-hour/94% sortie
dependent above 1.5 hours. This piecewiselinear function was
the best fit for the 1993 Langley CAMS data. Yet, when this
model was used to compute a readiness spares package (RSP),
the spares mix was nearly identical to one computed using the
simple 10% flying-hour model.

Analysis of Other Tactical Aircraft Data Sets

We repeated the analysis for several additional worldwide
REMISdatasets. AswiththelLangley F-15C/D data, in each case
wefound adistinct only/last sortie of the day effect. Unlikethe
Langley case, this analysis was limited to training missions
worldwide between 0.9 hoursand 2.5 hoursin duration. Aswe
explained earlier, very short sorties often represent functional
check flights or air aborts and thus are unusable. Long flights
tend to involve landing at remote locations, a situation where
maintenance is often deferred. Since REMIS does not include
landing location, the only way to eliminate remotelandingswas
todrop all long sorties. Had we not dropped these longer sorties,
the regression slopes would have been even lower.

Table 6 showsthe normalized slope of demand asafunction
of sortielength obtained by regression for each dataset. Thefirst
column of numbersistheregression slope, wheretheindependent
variableis sortie length and the dependent variable is demand.
The second column isthe slope, taking into account theimpact
of earlier sortie versus last sortie of multiple sorties during the
day. Aswith the Langley F-15C/D, accounting for last sortie

Figurel. Predicted VersusActual Demandsfor the F-15C/D

effectsusually lowersthe slope, becausethelast sortie often has
ahigh demand rate (as aresult of deferred maintenance) and is
longer.

Half of the entries in both columns of slopes are zeroes,
because the slope from regression was negative and a negative
slopeisruled out by the physicsof our problem. (Anaircraft with
agiven number of demands after a certain number of hoursina
sortie cannot reduce the number of demands by extending the
length of the sortie.) The number of sortiesin the last column
pertains to the number of observations used in each regression,
but there were over 300,000 sorties in total from which these
training sorties were extracted.

SlopeBefore SlopeAfter
Adjustment Adjustment Number
System for Sortie Number for SortieNumber of Sorties
A-10,0A-10 10* 6* 30,967
F-15A 0 0 10,903
F-15C/D 18* 13+ 7,020
(Langley Only)
F-15C/D 0 0 15,071
(1993 Worldwide)
F-15E 0 0 11,623
F-16C 16* 10* 121,665
F-111F 8 8 2,631
F-117A 0 0 8,794
Overal Weighted 12 7 208,674
Average/ Total
*Statistically significant at 95% confidence level.

Table6. Summary of Slopes (Percent)

At the bottom of Table 6 we have computed weighted average
slopes of 12% before adjustment for earlier/last sortie and of 7%
after adjustment. While we believe that the slopes after
adjustment for early/last sortie of the day are the more
meaningful, those before adjustment are also shown, because
they are comparableto the slopesfound in other studies such as
thosein Table 1, where early/last sortie was not considered.
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Mode Sdection

While the linear regression model may not be perfect, itisa
good choicefor several reasons:

» Itisthesimplest model, with only two parameters (slope
andintercept).

»  Wehavenoempirical evidenceto guideusinlocatingthe
knee between two linear segments or in determining the
amount of curvature in anonlinear segment.

»  Our experimentswith piecewiselinear regressionsyielded
only a negligible difference in the spares computed in
comparison with those computed using alinear regression.

» Itisreadily implementablewith our existing datasystems
and inventory models.

We believe a 10% slope provides a reasonable overall
planning factor for theimpact of sortie duration on demands by
tactical aircraft. Thisimpliesfor each hour in excess of aone-
hour sortie, the expected demand isincreased by 10%. That is,
atwo-hour sortie has an expected demand of 110% of that of a
one-hour sortie, and athree-hour sortie has 120%, etc., whichis
equivalent to saying that demandsare 10% flying-hour driven and
90% sortiedriven. Thishasbeen called demand decel eration and
isdepicted in Figure 2.

SORTIE FIRST HOUR

DURATIGN SECONDHOUR I THIRDHOUR I
AN . - /’/,
[

AFTER THE FIRST HOUR:, EACH MR TION AL
HOURADDS 110 NKHAE DEINANDS

Not only were these MRSP kit costs unaffordable, but given
DESERT STORM experience, they were not credible. In
responseto thisproblem, the Air Force put amoratorium on using
the 1993 WMP-5 to compute MRSP requirements and
assessments until a better demand forecasting method could be
found. An exception was made for the F-15E, because its kit
costs went down even using traditional demand forecasting
methods.

Mission  Primary Aircraft 1986 WMP-5 1993 WMP-5
Design Series Authorization Cost ($ Millions) Cost ($ Millions)

A-10A 24 4.0 55

F-4G 12 33.0 60.3
RF-4C 18 11.0 13.3
F-15C/D 18 14.7 41.2

F-15E 18 31.6 23.6
F-16C/D 18 8.6 9.0
F-111F 18 81.0 109.3
F-117A 18 254 35.0

Figure2. Demand Deceleration

Asasimplesolution that can easily beimplemented acrossall
tactical aircraft, a 10% slope, as stated above, represents a
reasonableoverall planning factor for the effect of sortieduration
on demands. Of course, there is no doubt some components’
demands have agreater relationship to flying hoursthan a10%
slope, while others’ slopewould beless. Althoughwe could not
identify them, we encourage othersto try. Whatever the case,
however, overall demand isclearly much morerelated to sorties
thanitisto flying hours.

Practical Consider ations

Theoretically, the proposed model is sound, but there are
practical questions. How much will using this method change
the Mobility Readiness Spares Packages (MRSPs)? How robust
will the new MRSPsbe? What aretherisksif wartime demands
turn out to be significantly different from those anticipated?

Cost Impact With the 1993 WMP-5

This project began asaresponseto problems caused by using
traditional flying-hour-based demand forecasting methods with
the 1993 WMP-5. For almost every fighter in the Air Force,
MRSP costs rose precipitously (Table 7) with this approach.

Table7. Cost mpact of WMP-5 Changes

Asthisresearch was being conducted, the Air Forcewas also
implementing the two-level maintenance (2L M) initiatives.
Therefore, our study focused on comparing the* old” MRSP cost
(computed using the 1986 WMP-5 and the traditional, pureflying-
hour-based demand forecasting method) with the “ new” MRSP
cost (computed using the 10% deceleration method, the 1993
WMP-5, and incorporating the new 2LM initiatives). We used
representative contingency kitsand recomputed them both before
and after all the changes. The resulting kit costs, and their
associated weight and volume (or cube), are shown in Table 8.
Note: the F-15E before data are based on the 1993 WMP-5.

Risk Analysis

However comforting the statistical results and cost stability
may be, the mix of partsin thekitschanged. Theseare new kits,
built for anew tasking, using anew method. Any confidencein
them has to be earned. They must be tested for robustness,
particularly with respect to flaws in the new forecasting
technique. In other words, will the new kits be adequate if
wartime demands turn out to be different from those predicted
from our research? What will happen if the differences are
substantial ?

To answer these questions, we looked at kit robustness from
two perspectives. First, weused aMonte-Carlo simulation model
to measure how many sortieswould belost under variousdemand
scenarios. Second, for each of those same scenarios, we used a
specially modified version of the Aircraft Sustainability Model
(ASM) to calculate how much materiel would have to be
deliveredtoasquadrontorestoreit toitsdirect support objective
(DSO) (the minimum number of available aircraft that can
support the flying program).

Weused 400 replicationsto obtain ahigh degree of precision
(itispractical to runthat many on afast personal computer). With
400 replications, most of the results were accurate to within 0.5%.

Each kit wasthen subjected to somerigorous scenarios. Since
demands are modeled as 10% flying-hour driven (90% sortie



driven), how would the kits perform if demands were actually
20% flying-hour driven (80% sortie driven)? Also, as aworst
case, how would thekitshold up if demandsturn out to be 100%.
Table 9 summarizes the results.

Itisclear therisk of lost sortiesisvery low in the 20% flying-
hour case. Thus, even if our model iswrong by afactor of two,
few sortieswill belost. The pureflying-hour analysisrepresents
an extremely unlikely worst case. Y et, eventhen all themission
design series except the F-15C/D lose fewer than 10% of their
sorties.

Next, in each of these same cases, how much materiel would
need to bedelivered, Desert Express style, to restore asquadron
toitsDSO?" To answer this, wemodified the ASM to calculate
only those backordersthat caused the number of available planes
to drop below the DSO. Using each weight and cube, the total
30-day Desert Express regquirements were computed (Table 10).

Notethat thesefiguresrepresent thetotal for 30 days—not the
daily requirement. Thus, even if our 10% model iswrong by a
factor of two, it takes very little in the way of deliveriesto the
squadron to make up for the shortfall.

These results give us confidence that the 10% deceleration
method will not put unitsat risk. With that, we can move on to
implementation.

“ Military Airlift Command (MAC) [now Air Mobility Command (AMC)]
addressed weaknessesin the priority system by setting up aspecial airlift route,
“Desert Express,” to movecritica partsto the Gulf quickly. By theend of October
1990, aMAC cargo aircraft flew daily to thetheater from Charleston AFB, South
Carolina, with the most critical parts needed for wartime readiness. (5)

Implementation

We selected the 10% method partly because of its
simplicity and ease of implementation. With thismethod, no
reprogramming of thelogistics modelsisneeded. The sortie
duration is simply decelerated and the inputs to the models
(flying hours) are adjusted accordingly.

Unfortunately, the task is still tricky. The mathematics of
computing the decel erated sortie durations and flying hours must
compensate for the effects of decel erating peacetime sorties. To
simplify the process, decelerated sortie durations have been
incorporated into the RSP Authorization Document—Blue

30-Day Desert ExpressReguirement
DemandsPurely Demands 20%
Flying-Hour Driven Flying-Hour Driven

Mission Kit Cost Pounds(Cubic Pounds(Cubic
Design Series  ($Millions) Feet) Feet)
A-10A 44 133 (18) 17 (3)
F-4G 322 803 (64) 28 (2)
RF-4C 6.7 1,248 (124) 30 (3)
F-15C/D 16.5 5,540 (421) 171(12)
F-15E 19.7 613 (63) 53 (6)
F-16C/D 36 157 (17) 5 (1)
F-111F 83.8 447 (61) 63 (8)
F-117A 274 1,380(201) 104 (15)

Table10. Risk Assessment—M ateriel Required to Restore Squadron to
Direct Support Objectiveif Demandsare Based Purely by FlyingHours
and 20% FlyingHours

Before After
Mission Primary
Design Aircraft Cost Weight Cube Cost Weight Cube
Series Authorization ($ Millions) (Pounds) (Cubic Fest) ($ Millions) (Pounds) (Cubic Feset)
A-10A 24 4.0 23,000 1,900 4.4 23,000 2,000
F-4G 12 33.0 28,400 2,700 32.2 26,500 2,400
RF-4C 18 11.0 19,600 2,000 6.7 13,900 1,400
F-15C/D 18 14.7 22,000 2,000 16.5 22,000 2,000
F-15E 18 23.6 19,000 1,500 19.7 15,000 1,200
F-16C/D 18 8.6 20,000 1,900 3.6 10,000 800
F-111F 18 81.0 68,000 7,300 83.8 69,000 7,300
F-117A 18 254 32,000 3,200 27.4 37,000 3,800
Table8. Cost, Weight, and Cube I mpact of New M ethod
Per cent of Total Sorties Flown
Demands Demands Demands
Mission Kit Cost PurelyFlying- 20% Flying- 10% Flying-
Design Series ($Millions) Hour Driven Hour Driven Hour Driven
A-10A 44 9.3 99.9 100
F-4G 322 90.0 99.5 100
RF-4C 6.7 94.5 99.9 100
F-15C/D 16.5 80.8 99.2 100
F-15E 19.7 98.3 99.8 100
F-16C/D 36 98.9 99.9 100
F-111F 83.8 100.0 100.0 100
F-117A 274 96.6 99.9 100
Note: The F-111F hasahigh DSO. Thus, thekit hasthe reserve capacity to fly thefull program even under extreme conditions.

Table9. Risk Assessment—Per centage of Planned SortiesBased on Demands Driven Pur ely by Flying Hours, 20% Flying Hours, and 10% FlyingHours
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Book. (2) All requirements and assessment computations are
based on thefiguresin that document. Adding afew columnsto
the appropriate tables in the Blue Book sped implementing
demand forecasting. Therevised Blue Book has been published,
and major commands are providing additional guidance in its

usage.
Conclusion

Asthe Air Force evolves from a global warfare to a major
regional contingency orientation, it will require continually
reexamining logistical assumptionsthat have held sway for many
years. For example, we found demands per sortie do not vary in
aone-to-one proportion with sortie length as pure flying-hour-
based forecasts assume. For the Air Force, this means pure
flying-hour-based forecastsareinappropriate when extrapol ating
peacetime demand datato significantly different wartimeflying
programs. Inthiscase, decelerating the sortielength resultsina
much more accurate demand forecast.

While the truth is closer to the pure sortie model than to
the pure flying-hour model, demands are still influenced by
flying hours. In fact, spares demands for fighter aircraft
appear to be approximately 10% flying hour and 90% sortie
driven. This finding enabled the Air Force to avoid a $1.1
billion overstatement in wartime spares requirements when
it implemented the 1993 WMP-5 for fighters. Furthermore,
decelerated demand forecasts will also sharpen MRSP
capability assessments.

Although decel erated demand forecasts do affect the sizeand
cost of MRSP kits, the risk to tasked sortiesis small. Even if

demandsweretwiceas sensitiveto flying hoursastheregression
showed, every MDS examined could still perform over 95% of
itstasked wartime sorties. Thisrisk can befurther mitigated with
avery small amount of Desert Express-type shipments. While
no demand forecasting method will ever be perfect—that iswhy
the Air Force buys safety stock—the new method represents a
vast improvement over the old one. It issimple, conservative,
and easy to implement.

References

1. BoeingMilitary Airplane SystemsDivision. B-52 Operationsin Southeast
Asia versus CONUS D162-10015-1, Sesttle, WA, Sep 70.

2. Department of the Air Force. 1995 Readiness Spares Package (RSP)
Authorization Document, Vol 1, Airborne, Washington DC: HQ USAF/
XOXWI/LGS, Sep95.

3. Department of the Air Force. USAF War and Mobilization Plan, Volume
5 (WMP-5): Basic Planning Factors and Data, Washington DC: HQ
USAF/XOXW, Mar 93.

4.  Howdl, LawrenceD., Capt, USAF. AMethod for Adjusting Maintenance
Forecaststo Account for Planned Sortie Lengths, ASD-TR-78-26, Aug 78.

5. Keaney, ThomasA., and Eliot A. Cohen. Gulf War Air Power Survey
Summary Report, Washington DC: U.S. Government Printing Office, 1993.

6. Shaw, C.C., Col, USAF. Saber Sustainer Briefing, AF/SAGM, Mar 81.

Mr Slay is presently a Research Fellow at the Logistics
Management Institutein McLean, Virginia. Doctor Sherbrooke
isa consultant for the Logistics Management Institute and the
RAND Corporation and livesin Southern California. Lieutenant
Colonel Petersonispresently a Logistics Analyst in the Supply
Directorate at Headquarters United States Air Force,
Washington, DC. m

[RETURN TO TABLE OF CONTENTS]

Superintendent of Documents Order Form

Due to the current lack of data encryption on the World Wide Web, GPO recommends that you not send your credit card numbers or GPO deposit
account numbers over the Internet. To order this periodical, print, complete, and forward this order form to the Superintendent of Documents.

Order Processing Code:
*5697

YES, send me ___ subscriptions to Air Force Journal of Logistics (AFJL) at $8.50 domestic ($10.65 foreign) per year.

The total cost of my order is $

Company or personal name:

. Price includes regular shipping and handling and is subject to change.

Additional address/attention line:

Street address:

City, State, Zip Code:

Daytime phone including area code:

Purchase order number (optional):

For privacy protection, check the space below:
Do not make my name available to other mailers

Check method of payment:

____Check payable to Superintendent of Documents
____ GPO Deposit Account -
_ VISA ___ MasterCard

(expiration date: mm/yy) Thank you for your order!

Authorizing signature 1/96

Mail to: Superintendent of Documents
P.O. Box 371954

Pittsburgh, PA 15250-7954
FAXyour orders: (202) 512-2250
Phoneyour orders: (202) 512-1800 (8am-4pm Eastern)

R
LA E
St e

Charge your order.
It'seasy!



Royal Air Force Spares Forecasting in World War |1

Robin Higham, PhD

Early investigations into the spares problems of the British
Royal Air Force (RAF) in World War |l suggests that many
hidden human failings delayed theimpact of airpower until late
into thewar.

For example, in September 1939 when war broke out, the RAF
had some 59 types of aircraft in theinventory or on order. Even
though theseaircraft contained standardized itemsfor whichtool
kits were issued to mechanics, had standard blind-flying
instrument panelsin the cockpits, and standardized placement of
instruments, much was missing and complicated by the
revolutionstaking placeinaviation. New airframes, new engines,
and new ancillary equipment were becoming available, but many
items were nonstandard because they had not yet been proofed,
approved, and ordered in quantity.

A second problem was how to order spares. It was envisaged
almost exclusively on a peacetime basis. The trouble was, the
spares system was geared to peacetime, where only one or two
squadrons of aparticul ar type aircraft wereflown very few hours
with gentleprofessional handling. From 1934 onward, however,
the RAF was in rearmamental instability. Under a situation of
rapid change, it washard to know how to order spareswhen there
was little experience with a certain aircraft type. Moreover,
factories did not wish to produce spares, asthey only got credit
for complete aircraft.

Theruleof thumb wasthat an aircraft type should be ordered
with a27-month package of sparesfor peacetime operations plus
additional sparesfor 4 months of war. Dueto bureaucratic lag,
the spares were not ordered until after the manufacturing
program had begun. Attempts were still going on three years
after thewar started to get factoriesto allocate 10% of their floor
space to the manufacture of spares or to allow outside
subcontractors to do the work. When the initial approach was
found incompatible with factory work loads, or as some said,
with the fact that the factories simply were not interested in
damaging their production record, the Ministry of Aircraft
Production decided to cut the requirements to a 15-month
peacetime and 4-month wartime stock of spares. But then it was
pointed out that less than an 18-month supply would not allow
enough experience upon which to base future ordersfor spares
based upon actual consumption of individual items. To that
dilemma was added an additional demand for new parts for
repairs. Infact, by mid-war some 40% of the British operational
aircraft available in the United Kingdom (UK) were rebuilds.

Part of the problem was that prewar discussions, until just
beforewar broke out, did not cover the matter of repairs, but did
contain theideathat within three months of the outbreak of war,
factories would be running at full wartime capacity. Part of the
reason for this naiveté came from afailure to study World War
I. Thoughit wastrue staff work had begun asearly as1924 ona

document which finally saw the light of day in 1933 as SD 78,
Tables For Estimating Consumption and Wastagein War, and
in 1934 as SD 98, also entitled Tables For Estimating
Consumption and Wastagein War, thesewere not firmed up until
1936, and then substantially gutted and reworked by 1941.
However useful these tables were, they failed to deal with
salvage and repair, or with thelessons of 1918, when therewere
very high casualties from operations, not all of which werelost
over enemy lines.

Another difficulty was the High Command was not only
deficient in its knowledge of modern production and the time
needed to assembl e raw materials and trained manpower for that
activity, but it was al so wanting in an understanding of what the
technol ogical and other revolutionswereall about. Not only did
aircraft, for instance, require far more parts and a greater
knowledge of how to assemble and repair them, but also
complexity had amultiplier that affected all operations aswell
as manufacturing.

Few people understood that a modern industrial war would
requirefiveyearsbeforewar broke out, in addition to four years
after it was declared, before wartime equilibrium would be
reached. The latter was a short stage when everything was up
and running not only militarily, but also bureaucratically,
industrially, and thelike.

During the Battle of Britainin 1940, the Inspector General of
the RAF toured the availableairfields. Hefound that the lowest
serviceability rates were at Training Command stations where
only 59% of the allocated 150 Spitfires and Hurricanes were
serviceable. Why was the rate so low at a time of crisis?
Basically, because either the fitters and riggers did not have
tool Kits or spares were not available, or both. At Fighter
Command the serviceability rate was 75%, interestingly the
same as for F-15s at Langley AFB, Virginia, some 45 years
later. At Bomber Command the rate was 82%, except in the
Number 2 Group where the Blenheims and Hudsons were at
106%. Thiswas becausethe aircraft were not being used in the
Battle of Britain and the ground crews had timeto bring even the
spare aircraft up to available status. (2)

Availability also had to do with the system of recording
aircraft states(status). At 1700 hoursdaily the equipment officer
had to call into headquarters the squadron’ s state:

(1) Aircraft currently available at dispersal.

(2) Aircraft which would be available by 0900 the next
morning.

(3) Aircraft which would become availablein 24 hours.

(4) Aircraft which could be repaired at the station in 34
days.

)25) Aircraft write-offs, meaning essentially that their repair
was beyond local capability.

[ (Continued on bottom of page 26)|




Rome Laboratory

The Electronics Reliability and Electronics System
Engineering Divisions of the Rome Laboratory (RL) conduct
focused research and development efforts in the area of
reliability sciences. The basic objective of the reliability
sciences thrust is to ensure Department of Defense (DOD) and
Air Force electronic systems perform their specified missionin
diverse military environments. This approach is based on a
broad spectrum of science and engineering research that
encompasses all aspectsof the system lifecyclefrom*cradleto
grave.” This research includes technology areas that stress
development and use of tools and techniques such as modeling
and simulation, materials and process characterization,
operational assessments, failure modes and effects assessment,
and correction. Inaddition, emphasisisplaced on development
of diagnostic techniques for implementation of cost effective
logistic support capability such as strategies to support Two-
Level Maintenance. Thistechnology thrustisutilized by both
thecommercial and industrial basein the design, development,
production, and maintenance of cost-effective, reliable systems
that meet customer needs. If you have further interest or
questions concerning the following efforts, please contact the
respective program managers.

Computational Electromagnetics (CEM) for
Reliable Command, Control, Communications,
and Intelligence (C3l) System Design and
Acquisition

DESCRIPTION: The need for systemsto operatereliably in
their intended el ectromagnetic environmentsisan integral part
of the overall reliability equation. The Air Force need for CEM
technology isin the area of design, development, testing, and
insertion of large, active-phased arraysinto C3l systems. Such
arrays are used for the acquisition, tracking, and identification
of small targets in the presence of clutter and secure
communications.

Future technology development includes: design,
development, and installation of ageneral-purpose CEM code
onmassively parallel processors; the refinement, enhancement,
and validation of the existing formulations to satisfy the even
greater demands for precision, resolution, and dynamic range
required of future ultralow sidelobe arrays (UL SA) analyses; the
development of an artificial intelligence (Al) capability to draw
geometry data from existing aircraft manufacturer computer
aided design/computer aided manufacturing (CAD/CAM)
databases; the refinement of the electromagnetic (EM) modeling
process; and data reduction and interpretation processes. This
technology isvery important to support test and logistics centers.

PAY OFF: The CEM technology program has provided
critical design datato the air defense initiative for its concept
studies, and to the Joint Surveillance Target Attack Radar System

CURRENT RESEARCH

(JSTARS) program for its redesign of the ultrahigh frequency
(UHF) ground and air communications systems. In the former
case, several studies to quantify aircraft-generated pattern
distortion of proposed UL SA have been conducted in-house to
optimize operational capability, reduce on-board radio frequency
coupling, and reduce cost by devel oping schemesto minimizethe
number of antenna elements needed to achieve specified beam
patterns. The JSTARS datais being used by the program office
in the redesign of future aircraft and the retrofit of existing
aircraft.

(Kenneth R. Siarkiewicz, RL/ERST, DSN 587-2465)

Laser Mapper

DESCRIPTION: Rome Laboratory CEM research and
development has devel oped the technol ogy for computer-based
toolsto perform electromagnetic (EM) simul ation of antennaand
aircraft EM interaction, antennapatterns, and EM coupling more
efficiently.

A laser rangefinder wasintegrated with acomputer-controlled
scanning mechanism to create aspherical coordinate system map
of the object. The coordinate system is then converted to
Cartesian coordinates (X, Y, Z), and the computer createsasingle
fitted map from the multipleviewsof theobject. Themapisthen
converted to a standardized CAD format suitable for CEM
analysis.

PAY OFF: Thelaser mapper satisfiesaneed for afast, efficient
validation-enabling tool capable of rapidly, precisely, and
accurately rendering EM range targets in a three-dimentional
CAD model format. It allows CEM analysis of antenna
performancefor far less cost than is obtai ned from other methods.
(David O. Ross, RL/ERST, DSN 587-7624)

F-22 Aperture Measurement Program

DESCRIPTION: To reduce antenna development risk to
the F-22 Advanced Tactical Fighter program, RL has
established an F-22 airframe test bed to evaluate airframe
effects on advanced aperture systems performance. A
prototype Y F-22 was modified to the engineering and
manufacturing development (EM D) model 640 configuration
at RL. The F-22 test bed is ready for measurements at the
Newport Research Facility.

PAYOFF: Critical datawill be provided two years prior to
flight test and problems will be identified early on. The RL
facilitiesand F-22 test bed provide a100-fold increasein antenna
measurement capability.

(Sigmund Grudzinski, RL/ERSE, DSN 587-7483)

AC-130H Gunship Enhanced AN/ALQ-172

Electronic Counter Measures (ECM) System
DESCRIPTION: This program was directed by the Warner-
Robins Air Logistics Center for Air Force special operation
forces. Older Air Force Special Operations Command AC-130H
gunship electronic combat systems are being upgraded with
ALQ-172sheing removed fromretired B-52s. Thesesystemsare



not just being moved to a different platform, but are being
upgraded to meet today’s threats. The installation of all the
antennas are being optimized to provide maximum performance,
whichinturn providesincreased survivability.

PAYOFF. Measurements performed at RL's Stockbridge
Facility revealed installation related weaknesses, which were
corrected prior to production and first flight. Theseincluded 14
major modifications to antenna installations and 9 major
experiments with radar absorbing material, all prior to metal
being cut on the flight test aircraft. For these problems to be
revealed in aflight test program, aminimum of 23 sortieswould
have beenrequiredtoidentify all the problem areasidentified by
RL. Normally, enough profiles, specifically for antenna
installation verification, would not have been flown dueto the
time and money constraints in a flight test program. These
problems, in the normal course of events, would manifest
themselvesonly after being in an operational environment for an
extended period. Oneairborne pattern would require 2.7 hours
of flight test time. The same pattern takes 15 minutes at RL's
ground-based facilities and coverage above the aircraft as well
asbelow ispossible.

(Sigmund Grudzinski, RL/ERSE, DSN 587-7483)

Diminishing Manufacturer Sources

DESCRIPTION: Diminishing Manufacturer Sources (DMS)
has plagued DOD systemsfor years. The problem is most acute
in the microcircuit arena where there has been a recent
announcement by several major semiconductor companiesthat
they will nolonger supply military grade parts. The underlying
factor to this problem isthat DOD systems are kept operational
for 20 or more years, while the technology base which supplied
the original devices is disappearing. Several years ago a
semiconductor technology wasreadily availablefor 10-15 years.
Today’ smilitary grade product turnsover in about 7.5 yearsand,
if the system relies on commercial grade devices, the technology
becomes obsolete in about 5 years. Further compounding the
problem is the introduction of low voltage devices. This new
technology with supply voltagesinthe oneto threevolt rangewill
be the dominant technol ogy by theyear 2000, replacing thefive
volt supply deviceswhich areusedinvirtually all DOD systems.

PAY OFF. Rome Laboratory isaddressing the DM S problem
and is supporting major Air Force projectsintheir attempt to get
a handle on the problem. Several approaches come to mind
immediately: morerobust designs; higher level of configuration
control; proactiverisk assessment program; and the use of very
high speed integrated circuit (VHSIC) hardware descriptive
languages (VHDL) to describe the microcircuit, board, or line
replaceable unit (LRU). The best and most cost-effective way
to addressthe problem isto recognizetheimpact of DMSon the
system early-on in the design. A proactive risk assessment
program isneeded to accomplish this. By identifying those parts
early-on which are susceptible to becoming aDM S candidate, a
program manager canimplement various strategiesto assure parts
will be available for the system build and that parts will be
available as spares once the system isin the field. The risk
assessment program needs to take into consideration several
factors, such asthe maturity of the technology used, the number
of partsin the system, and the ability to reengineer or redesign
thedevice. Thesefactorswill determine whether itismore cost

effective to buy spares and store them or to redesign the board
or system.

(Sigmund Grudzinski, RL/ERSE, DSN 587-7483)

Virtual Instruments for Testing and Failure
Analysis

DESCRIPTION: Thein-house microcircuit failure analysis
lab at RL hastakena“first look” at where and how well simple
virtual instrument (V1) tools might fit into the testing and
analysisflow which accompanies microcircuit failureanalysis.
Graphical programming and virtual instrument software and
hardware products are becoming widely used for a variety of
testing and control applications which are portable across the
common computer platforms. The user can construct special
purpose instruments which consist of display screens, software
control programs, hardware plug-in cards, general purpose
instrumentation bus (GPIB) connected equipment, and external
breadboard circuits. These new tools represent a significant
departure from past approachesto bench testing.

Virtual instruments have been developed and used for both
common and unusual electrical bench tests. They include: a
simple two-terminal curve tracer; atransistor junction and beta
family curvetracer; amultipin-to-supply curvetracer for pin-to-
pin checking of microcircuits; alow frequency digital devicetruth
table and power supply circuit test generator and tester; alow
power mechanical relay tester; and an oxidetest structure tester
implementing a standard fast wafer-level current ramp test.
These instruments all use the same base hardware consisting of
anetworked personal computer with two plug-inboardsand afew
GPIB boxes. Inaddition, they all produce spreadsheet datafiles,
occupy thesame 3foot by 4 foot footprint situated next to aprobe
station, and represent alow initial investment.

PAY OFF: Virtual instrument-based tests may offer important
advantages to the small and budget limited |aboratory doing
quick, first look failure analysis, and the test products are very
portable. The use of Vs for testing will probably spread, and
users should develop and share Vs found to be useful in these
niche applications. Please contact usif you are interested in
obtaining the above VIsfor your use.

(Daniel J. Burns, RL/ERDR, DSN 587-2335)

Commercial Off-the-Shelf/Nondevelopment Item

(COTS/NDI) Research

DESCRIPTION: Changes in the microelectronics industry
and directives from the Office of the Secretary of Defense are
rapidly impacting the way in which the system program offices
(SPOs) must work. One of these changesis a push for the SPOs
touse, inmilitary applications, plastic encapsul ated microcircuits
(PEMSs) designed and manufactured for commercial applications.
Therearecertainly placesfor PEMsin military applications, but
the questionswe must answer are which applications and which
PEMs?

Virtually all published dataindicatesthequality andreliability
of PEMs haveimproved dramatically over theyears. However,
thedataalsoindicatesthe quality and reliability of PEMsvaries
widely. These variations seem to be related to factors such as
manufacturer, device type, package style, and application
environment. Rome Laboratory isdevel oping theknowledge and



toolsthe SPOs need to make wise decisionsfor their systemsand
for the DOD. Therallying cry “use best commercial practice”
is only meaningful if the original equipment manufacturers
(OEMSs) know how to buy products which are suitable and cost
effective for the DOD in the long run.

Wide variations have been found in “best commercial
practice” manufacturing quality PEMs. All devices examined
from two manufacturers showed a consistent difference in the
level of manufacturing quality. When virgin parts of a mature
PEM technology (14 lead dual in-line packages), produced by
two well-known and widely respected “best commercial practice”
manufacturers show such wide variations in manufacturing
quality, itisamistaketo simply advise SPOsand OEMsto “ buy
commercial.”

Voids and delaminations between the epoxy molding
compound (EMC) and the lead frame, die paddle, and die, can
lead to ahost of problemsthat the user must consider. Themost
immediate problem is*popcorning” which can occur during rapid
heating of the part (soldering) when liquid trapped within the part
isvaporized. The rapid increase in volume stresses and often
breaksthe package and/or die. The package cracking can sound

like popcorn popping. Delaminationsalong thelead frame can
also act as entry points for contaminants into the package.
Extrinsic contaminants such asaflux can bedrawnin along the
lead frame, greatly accelerating the corrosion rate within the
package. Corrosion isfurther accelerated by using the product
in a high humidity environment. Poor adhesion between the
EMC and thedie or lead frame means thermal stressesare borne
to agreater extent by the wire bonds. In an environment where
thermal excursions are frequent and involve very cold
temperatures, shearing of the wire bonds is possible. This
knowledge and much moreis needed if the SPOs and OEMs are
to consistently buy productswhich are suitablefor their systems.
PAY OFF: Rome Laboratory isworking on several effortsto
provide more useful information for the SPOsand OEMs. Rome
Laboratory’s goal is to provide the SPOs and OEMs with the
knowledge, guidance, and toolsneeded to answer thetwo critical
questions: 1n which applications can PEMs be used and which
PEMs are appropriate? The proper answer will assure project
offices are smart buyers of best commercial practices.
(Daniel J. Burns, RL/ERDR, DSN 587-2335)
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The aircraft write-offs were replaced from the local storage
unit, but they dropped off the paper record. This explainswhy
the graphsfor aircraft in Fighter Command during the Battle of
Britain show a steady decline of machinesin the storage units,
even though Spitfire and Hurricane production and losses were
aboutequal.

Another way of looking at the matter of repairs was a study
doneby the Ministry of Aircraft Production. Thisstudy looked
back on the war in terms of repaired aircraft as a percentage of
total production. In May 1940, the figure stood at 13.5% of
1,298. By September it had risen to 37.6% of 1,906. In
November 1940, of the 42.1% of repaired aircraft out of atotal
of 1,927 aircraft added to stocks, 300 were being repaired insitu
(where they lay) and 512 were at works (returned to factories)
for atotal of 812, or more than all aircraft production in
September 1939. By late 1942, the number of repaired aircraft
availablethat month wasthe highest of thewar, 53.9% of 3,179,
or 1,714. The highest total number ever returned in one month
wasin June 1944, when 1,903 aircraft were added to production
totals. (1)

What had made this possible was that, in addition to in situ
teams, the RAF had managed to get its own repair and
maintenancefacilities. Thesefacilitieswereoriginally envisaged
as six (three civilian and three RAF), one million square-foot
depots, with 10,000 men each.

Of course, the demands from expansion of the RAF put the
RAF into competition with all the other technical services and
industries for manpower. For the RAF, thiswas complicated by
the prewar insistencethat it took 7.5 yearsto train afitter or rigger

fully. Evenwhenthefrontline strength was pegged briefly at 750
aircraft, the RAF needed an intake of 1,000 fittersand riggersa
year through Halton, the apprentice trai ning establishment, but
wasonly getting 200.

Summary

The RAF found itself saddled with six problemswhich could
not be solved overnight:

(1) Alack of standardization.

(2) A lack of experience in spares ordering for wartime.

(3) A lack of planning for the repair of aircraft.

(4) A deficiency in the knowledge of modern production
and alack of understanding of thetechnological revolution.

(5) Low serviceability rates.

(6) A shortage of fitters and riggers.

It took thefirst four years of war to hammer out the balances
and compromises necessary to run afighting air force and make
airpower effective.
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Applying the Borda Ranking Method

Zachary F. Lansdowne
Beverly S. Woodward

I ntroduction

The following problem reoccurs in many different contexts
withinlogistics: afinitenumber of criteria(attributes, objectives,
scenarios, voters) are used to evaluate a finite number of
alternatives (projects, candidates, options, items), with the goal
of obtaining an overall ranking of thealternatives. AsCook and
Seiford observed, ranking methods can be placed into two basic
categories. cardinal methods and ordinal methods. (5) Cardinal
methods require decision makers to express their degree of
preference of oneaternative over another for each criterion; they
include multipleattribute utility theory (MAUT) and theanalytic
hierarchy process (AHP). (9,11) On the other hand, ordinal
methods require only that the rank order of the alternatives be
known for each criterion.

Many ordinal ranking methods have been devised during the
past two centuries. These methods fall into several categories
including voting, mathematical programming, and outranking
techniques. (1,2,6,8,10) Borda’ svoting method isconceptually
simple and is perhaps the easiest ordinal method to implement.
(3) Inthisarticle, wefirst describe the Borda method and then
show how we used it to study the maintenance drivers for the
Airborne Warning and Control System (AWACS).

Borda’'s Voting Method

Borda proposed the following voting method in 1770. (3)
Given N candidates and multiple voters, pointsof N-1,N- 2, .
..,and 0 are assigned to the first-ranked, second-ranked, . . .,
and last-ranked candidate in each voter’ s preference order. The
points for each candidate are summed across all voters, and the
winning candidate is the one with the greatest total number of
points.

Instead of voters, suppose there are multiple criteria. 1f we
think of each criterion as being a voter and if r,, isthe rank of
alternative i under criterion k, the Borda count for alternative i
IS.

bi =&, (N-rix).
Equation 1

The alternatives are then ordered according to these counts.
Borda’ smethod isan example of apositional voting method,
which assigns P, pointsto avoter’sjth-ranked candidate, j = 1, .
.., N, and then determines the ranking of the candidates by
evaluating the total number of points assigned to each of them.
V oting theorists have shown that Borda' s method isthe optimal
positional voting method with respect to several standards, such

as minimizing the number and kinds of voting paradoxes.
(7,10,12) In addition, if ties are not present in the criteria
rankings, Cook and Seiford demonstrated that Borda' s method
isequival ent to determining the consensusranking that minimizes
the sum of the squared deviations from each criterion ranking.

4
Borda Method Example

Background

TheAir Force' sElectronic Systems Center (ESC) iscurrently
implementing amoderni zation program to extend thelife of the
E-3 AWACS. The primary focus of this program, known as
Extend Sentry, istoincreasetheavailability of operational aircraft
to performthe AWACSmission. The programgoal istoincrease
mission capableratesfrom 85 to 90%. To accomplishthisgoal,
both abort and break rates must be significantly improved and
aircraft downtime resulting from maintenance problems must be
reduced.

AWACSisconsidered to be aviable system that will operate
well into the next century, and it continues to support tasking
directed from the Joint Chiefs of Staff with ademand exceeding
present capability. Althoughthefleetis, on average, nearing the
midpoint of the 30,000 hour airframelife, many of the on-board
systems are at the end of their projected service lives. Extend
Sentry will provide the needed investmentsto update or replace
these aging systems. Morethan 100 candidate projectsarebeing
evaluated.

M aintenance Study

The AWACS Program Office requested an analysis of
maintenance drivers for the surveillance radar system. The
Bordamethod provided aconsistent framework for determining
the ranking of the maintenance drivers and for selecting
candidate projects. Inaddition, the Bordamethod identified top
mai ntenance drivers not addressed by the candidate projects.
Further studies could be undertaken to investigate solutionsfor
these top drivers.

The Program Officeidentified seven maintenance criteriathat
needed to be examined:

(1) On-Equipment Hours - number of scheduled and
unschedul ed maintenance hours performed on the aircraft at the
flyingwing.

(2) On-Equipment Events - number of scheduled and
unscheduled maintenance actions on the aircraft at the flying
wing.

(3) Tota Maintenance Hours- number of on-equipment and
off-equipment mai ntenance hours performed at the flying wing.



(4) Total Depot Charges - moneys paid for repair of items
that are part of the depot reparable stock fund; for serviceable
assets, refersto the exchange price, which includes the average
depot repair cost and the fund’ s surcharge.

(5) Cannot Duplicates(CNDs) - number of problem reports
that cannot be repeated onboard the aircraft.

(6) Aborts - number of failures that result in the mission
being halted; includes both before-flight and in-flight aborts.

(7) Code 3 Breaks - number of occurrences when system
performance was deemed unsatisfactory. Comparisons with
specification levels determine if the aircraft may be used for
further missions.

Maintenance datafor these seven criteriawere collected from
several sources for more than 300 radar surveillance line
replaceable units (LRUs) and shop replaceable units (SRUS).
Each LRU and SRU wasidentified by a specific work unit code
(WUC). Datawere provided for fiscal year 1992 (FY 92), FY 93,
and FY94. This data was used to rank the WUCs with respect
to each of the seven maintenancecriteria, for example, theWUCs
with the highest numbers to lowest number of on-equipment
hours, the WUCs with the highest to lowest number of on-
equipment events, etc. Next, by using the Borda method, a
composite ranking (which aggregatesthe criteriarankings) was
obtained for each fiscal year, and then acomposite ranking across
the three fiscal years was determined.

Implementing the Borda Method

Toillustrate Borda’' smethod, asimplified exampleisprovided
below. Table1 showsdatafor five WUCs, and Table 2 provides
the corresponding rankings for each of the seven maintenance
criteria. For each criterion, aranking of 1 is assigned to the
highest-placed WUC, aranking of 2 is assigned to the second-
placed WUC, and so forth. For example, for on-equipment hours,
aranking of 1isassignedtoWUC5in Table 2, sincethelargest
number of hoursislisted for thisradar item in Table 1.

Table 1 shows there are cases in which the data are the same
for two or more WUCSs. Such ties are generally handled by

averaging the associated rankings. For instance, WUCs1, 3, 4,
and 5 are tied for second through fifth place for aborts. The
average of therankings (2, 3, 4 and 5) is 3.5, which isthe entry
appearingin Table 2.

For each of the seven maintenance criteria, Table 3 provides
the Bordapoints assigned to each WUC. Becausetherearefive
WUCsinthisexample, four (5- 1) pointsare assigned to thefirst-
ranked WUC for each criterion, three (5 - 2) points are assigned
to the second-ranked WUC, and O (5 - 5) points are assigned to
the last-ranked WUC. These Borda points are then summed
across the seven criteria, yielding the Borda countsin Table 4.
WUC 5 is the top maintenance driver since it has the highest
Borda count, namely 23.5. These Borda counts yield the
preference order of WUC 5, WUC 2, WUC 4, WUC 3, and WUC
1

Conclusions

The Borda method is arelatively simple positional voting
method that determines the ranking of the candidates by
evaluating thetotal number of pointsassigned to each one. The
method is easy to implement and hasthe added feature of being
ableto assign weightsto the alternative criteria. The dataused
to determine rankings must be carefully examined, particularly
intheinstanceswheretherearesevera “ties.” The Bordamethod
provided a consistent framework for evaluating multiple
categories of maintenance datafor the many items addressed in
the AWACS investigation.

When compared with cardinal ranking methods, the Borda
method offersthe following advantages:

(1) It minimizes the need for subjective assessments. In
contrast, subjective assessmentsare generally needed to construct
utility functionsin multiple attribute utility theory and to make
pairwise comparisonsin the analytic hierarchy process.

(20 TheBordamethod doesnot requirethecriteriato satisfy
independence conditions. In contrast, an additive utility
representation requiresthecritieriato display what Keeney and

WORK NAME ON- ON- TOTAL WING DEPOT CANNOT ABORTS BREAKS
UNIT EQUIPMENT EQUIPMENT MAINTENANCE CHARGES DUPLICATES

CODE HOURS EVENTS HOURS (1,000s%)

81AAA WUC1 272 26 318 113 5 1 1

81BBB WucC2 817 56 821 420 10 2 4

81CCC WUC3 544 59 650 334 3 1 2

81DDD wuc4 286 25 1,041 1,387 4 1 1

81EEE WUC5 1,162 84 1,416 588 1 1 3

Tablel. Maintenance Datafor Surveillance Radar System Work Unit Codes(WUCs)

WORK NAME ON- ON- TOTAL WING DEPOT CANNOT ABORTS BREAKS
UNIT EQUIPMENT EQUIPMENT MAINTENANCE CHARGES DUPLICATES

CODE HOURS EVENTS HOURS (1,000s3%)

81AAA WUC1 5 4 5 5 3 35 45

81BBB wucC2 2 3 3 3 2 1 1

81CCC WUC3 3 2 4 4 5 35 3

81DDD wucC4 4 5 2 1 4 35 45

81EEE WUC5 1 1 1 2 1 35 2

Table2. Rankingsof Work Unit Codes(WUCs) by Maintenance Criterion



WORK NAME ON- ON- TOTAL WING DEPOT CANNOT ABORTS BREAKS

UNIT EQUIPMENT EQUIPMENT  MAINTENANCE CHARGES  DUPLICATES

CODE HOURS EVENTS HOURS (1,000s$)
8IAAA  WUCL 0 1 0 0 2 15 05
81BBB wuc2 3 2 2 2 3 4 4
81CCC  WUC3 2 3 1 1 0 15 2
81DDD  WUC4 1 0 3 4 1 15 05
81EEE WUC5 4 4 4 3 4 15 3

Table 3. Borda Points Assigned to Work Unit Codes (WUCs)

3. Borda, JC. “Mémoiresur lesElectionsau Scrutin,” Histoirede!” Académie
WORK Royale des Sciences, Paris, 1781.

UNIT NAME POINT COUNT 4. Cook, W.D.,and Seiford, L. M. “Borda-Kendall Consensus Method for
CODE Priority Ranking Problems,” Management Science, 28, 1982, pp. 621-637.
81AAA WUC1 5 5. Cook, W. D., and Seiford, L. M. “Priority Ranking and Consensus
81BBB WUC2 20 Formation,” Management Science, 24, 1978, pp. 1721-1732.
81CCC WUC3 10.5 6.  Fishburn, P. C. “Condorcet Social Choice Functions,” SIAM Journal of
81DDD wuc4 11 Applied Mathematics, 33, 1977, pp. 469-489.
81EEE WUC5 235 7. Fishburn, P.C., and Gehrlein, W. V. “Borda sRule, Positional Voting, and

Condorcet’'s Simple Mgjority Principle,” Public Choice, 28, 1976, pp. 79-
Table4. Borda Point Countsfor Work Unit Codes (WUCSs) 88

8. Hwang, C.L.,and Lin, M. J. Group Decision Making under Multiple
Criteria, New York: Springer-Verlag, 1987.

Ralff_acall “mutual preferential independence,” which may not 9. Keeney, R. L., and Raiffa, H. Decisions with Multiple Objectives:
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Will the Consumable Item Transfer Affect Support

for Air Force Weapons Systems?

Captain Charles E. Deckett, USAF

Background

The Consumableltem Transfer (CIT) program originated with
the approval of Defense Management Report Decision (DMRD)
926 on 3 July 1990. DMRD 926 wasthe Inventory Control Point
Consolidation Study Report which recommended transferring the
inventory control point for many Service-managed consumable
items to the Defense Logistics Agency (DLA). The Services
were asked to provide input on this decision viaquestionnaire.
The Air Force response for Phase |1 of the program, the current
phase, came out of the USAF Director of Supply’s officein
January 1993. The Director’s inputs were considered, and the
program put into effect. That is, item management for the
majority of Air Force-managed consumable items has been, or
isin the process of being, transferred to DLA.

Effect on Support

Should we expect support to suffer because of this? On the
surface, no. Infact, just looking at the generally accepted track
record of support from DLA, we might even expect support to
improve. Over the years we have been accustomed to getting
about 5% better parts support on DLA-managed consumable
items versus those managed by Air Force Materiel Command
(AFMC). Thismeanswe are used to DLA having the items we
order in stock 5% more of thetimethan do the Air Force depots.
Granted, there are many reasons for this. Not the least of which
isthetype of items managed, but still, we should at | east expect
support to remain at about the same level onceitem management
has transferred.

Why then is there the perception among many Air Force
consumabl e item customers we are getting worse support from
DLA on the items we have transferred so far? We probably
contributed to the decline in support by our own Air Force
inventory management practices leading up to, and
throughout, the CIT process. Essentially we have let the
pipelines run out and the shelves become bare as we have
prepared to transfer item management on many itemsto DLA.
Itisalsolikely that we havetransferred inaccurate demand data
to DLA on many of the items.

Thesethingswere not doneto spite DLA. Unfortunately, our
Air Force item managers were faced with very limited funding
throughout the period of planning and implementation of CIT.
According to the Air Force CIT representative to DLA,
consumabl eitemswere known to be funded at only 65% leading
up to, and through, Phase| of thetransfer process. Thisresulted
in less than 100% support of requirements. Hard decisions
concerning what to buy and what not to buy had to be made by
our itemmanagers. Itislikely they decided to buy more of those

consumabl e items they knew they were going to continue to
manage than those they knew were about to transfer to DLA.
Y ou can see how thisled to the pipelinesdrying up. Of course,
as the requirements from the field continued, but the assets
coming in to the Air Force Depots did not, the quantitiesin
stock diminished.

So, limited funding may have led to transferring item
management to DL A onitemswith empty pipelinesand shelves,
but where does transferring inaccurate data enter the equation?
Decisions on what to stock and how much to stock at the
wholesale level are driven by data accumulated as users at the
retail level, and repair actions at the wholesale level generate
requirements. Thisis an automated process, and there are
numerous opportunities in this process for the data to be
skewed because of inconsistency of demands, improper entry
of demands, and improper coding of any of the multiple data
elementsinvolvedintheseequations. Itislikely, becauseof these
factors, we had inaccurate datafor our Air Forceitem managers,
too. Onething our item managershad, that DLA item managers
accepting responsibility for newly manageditemswill not have,
isenough experience with these particul ar itemsto make stockage
decisions based on other than the automated data generated.
Further complicating the issue of transferring accurate data to
DLA wasthefact there were problemswiththe AFMC and DLA
systemsinterfacing during Phasel. AccordingtheAir ForceCIT
Office, there were data inaccuracies on more than 50% of the
items transferred in Phase 1.

Recovery Timeline

Accepting we may have put ourselvesin the position of getting
worse support from DLA than we expected when the same
consumableitemswere managed withinthe Air Force, when will
it get better? Inthe worst case, that there is no stock on-hand,
there is nothing in the pipeline, and we transferred no demand
data, it could take up to two years. TWO YEARS! Yes, that is
along time, but thisisworst case. It will probably take at
least three to six months, two quarters, for demand datafrom
theretail user’ sand wholesal e repair requirementsto generate
a decision to stock the items at DLA. Then it may take
another three to six months, or more, to actually find a source
and establish the delivery schedule. Thisisjust to begin tofill
the pipeline. In some cases, the pipeline, or lead time, may be
uptoayear long. That istwo yearsto stock someitemswe may
haverecently had onthe Air Force' sshelves. DLA will certainly
act to fill high priority requirements from the field as they are
generated, but it will taketimeto build astock level so assetscan

be issued rather than have to be back ordered.
[(Continued on bottom of page 36)|




Advanced Study of Air Mobility (ASAM)

Major Terrance L. Pohlen, USAF, PhD
William Cunningham, PhD
Craig M. Brandt, PhD, CPL

Lieutenant Colonel Jacob V. Simons, USAF, PhD, CPL

I ntroduction

Air Mobility Command’s (AMC’s) Air Mobility Warfare
Center (AMWC) and the Air Force Institute of Technology’s
(AFIT's) Graduate School of Logistics and Acquisition
Management have formed ajoint ventureto produce an in-depth
program focusing on the Global Reach concept. The program
employs awide variety of course and education techniques to
expose alimited number of rated and nonrated support officers
tothelatest practicesand theory underlying mobility operations.
Students attending the Advanced Study of Air Mobility (ASAM)
program are board-sel ected by senior AM C leadership based on
accomplishments, academic performance, and leadership
potential. ASAM graduates receive a Master of Air Mobility
degree and a prefix to their Air Force Specialty Code (AFSC)
denoting special expertisein air mobility. Theultimate goal of
the ASAM program isto cultivate a core of mobility expertsto
lead AMC intothefuture. The unique combination of graduate
and continuing education courses, AMWC and AFIT faculty,
mobility focus, and student backgrounds provides atremendous
opportunity for officersinterested in anin-depth study of mobility
operations.

Background

The changing security arrangement caused by the end of the
Cold War has produced new missions, including peacekeeping
and humanitarian assistance that were outside the regions
previously considered by military planners. AMC hasespecially
played a significant role in supporting these evolving military
operations. Because the prospect of these missions continuing
into thefuture appearsvery likely, Air Forceleadersfeel officers
will require additional education to be ableto plan and implement
such military operations.

General Ronald R. Fogelman originally proposed the concept
which resulted in the formation of the ASAM program. While
serving as Commander, United States Transportation Command
(USTRANSCOM), and Commander, Air Mobility Command, he
identified the need to tie tanker and airlift missionstogether to
support mobility operations. (1) The combination of these
missions, a changing world environment, and a Global Reach
strategy, requiresfutureleadersto possess athorough knowledge
of how to best plan and employ air mobility forces.

The AMWC had the task of developing the concept into an
ongoing program for air mobility officers. The AMWC staff was
already offering coursesin mission planning, combat tactics, and
directing mobility forces; however, they did not have thefaculty
or accreditation to offer amasters degreein mobility operations

to serve asafoundation for the ASAM program. Conseguently,
AMC and AMWC sought the assistance of AFIT’s Graduate
School of Logisticsand Acquisition Management (AFIT/LA) to
create an accredited masters degree program tailored to meet their
specific needs.

The Advanced Study of Air Mobility Program

Collaboration between AFIT/LA and AMWC resulted in the
ASAM program. The 13-month program consists of three
distinct parts: an accredited Master of Air Mobility degree, an
AMWTC core of mobility courses, and an on-site study of mobility
applications within the Department of Defense (DOD) and
industry.

Master of Air Maobility Degree

The Master of Air Mobility degree provides the theoretical
foundation for the ASAM program. The curriculum is fully
accredited and taught by the AFIT/LA faculty. The degreeis
largely comprised of logisticsand transportation courses, with an
emphasis on mobility applications. The program consistsof 13
three- and four-credit hour coursesand agraduate research paper
examining some aspect of mobility operations. The coursesin
the program include:

» LogisticsManagement.

» Principlesof Transportation.

» Federal Financial Management.

o Statisticsfor Managers.

» Forecasting Management.

* LogisticsModels.

* Quantitative Decision Making.

» Maintenance and Production Management.

e Transportation Management.

* Seminar in National Security Policy.

« Contracting and Acquisition Management.

* Management and Behavior in Organizations.
» Transportation Policy and Strategic Mobility.

The Master of Air Mobility program required an innovative
approach to offering a masters degree since the students reside
at Fort Dix, New Jersey, while the AFIT faculty is at Wright-
Patterson AFB, Ohio. Asaresult, the curriculum adopted several
techniquesfor coursedelivery.

Ten of the thirteen courses employ a condensed eight-day
format. A class meetsfor four hours aday with readings, cases,
and projects. The remainder of the day is used for homework
completion. The studentsonly take one classat atime under this
format. Even with thetime compression and significant amount



of prior preparation and evening study, the ASAM students have
generally preferred this format.

Dueto course content, the remaining three courses are taken
inasingletraditional 10-week quarter; however, the coursesare
taught by distance education via satellite transmissions from
AFIT to Fort Dix. The courses taught in the quarter format
include: Forecasting Management, Quantitative Decision
Making, and Logistics Models. For the first two weeks of the
quarter the studentsgo temporary duty (TDY) to AFIT to become
familiar with their instructors, research their graduate research
paper topic, and identify advisors and committee members for
their research papers.

The ASAM students use the graduate research paper to
perform an in-depth examination of some problem or issue
confronting the air mobility community. Studentschoosetheir
own topic and work withan AMWC and an AFIT advisor. The
AMWC advisor providesthefunctional expertisein air mobility,
whilethe AFIT advisor concentrates on thelogistical aspects of
mobility operations. Research paper topics have included
aeromedical evacuation, military operations other than war,
intransit visibility, intermodalism, AMC’ sair reserve component
mix, and the role of the Director of Mobility Forces.

Air Mobility Warfare Center Courses

The ASAM students receive their instruction in air mobility
operations from the AMWC staff at Fort Dix. Four courses
comprise the AMWC portion of the ASAM program. The Air
Mobility Operations Course provides mid-level mobility
managerswith thebig picture of AMC’ sair mobility system. The
Directors of Air Mobility Forces seminar is for senior officers
preparing to become field directors of mobility forces. The
students also learn about mission planning and combat tactics
for tankers and airlifters in the AMWC Planners and AMWC
Tactics courses. McGuire AFB is adjacent to Fort Dix, and its
proximity to AMWC allows the students to observe first-hand
how an air mobility wing operates, theissues affecting mobility
operations, and management innovations as they occur. The
ASAM students take these courses between their AFIT masters
classes.
Site Visits

Site visits complement the AFIT and AMWC coursework.
Students have the opportunity to travel to several overseas and
continental United States (CONUS) locations to observe the
Global Reach concept in action. Classes have studied allied
tanker and airlift operationsin the 38th Group, Royal Air Force;
theater operations at Supreme Headquarters Allied Powers
Europe (SHAPE); air mobility operations with the 621st Air
Mobility Support Group, Ramstein Air Base, Germany; andjoint
mobility operationsat Military Traffic Management Command
(MTMC) and Military Sealift Command (MSC). Visitsto
leading industrial firms such as Boeing, Microsoft, CSX
Corporation, and Emery Air Freight serve as a conduit for
transferring applicable commercial practicesinto air mobility.
The students al so learn about mediarelationsin a seminar with
major New Y ork-based press outlets. The site visits offer an
experience beyond the strictly academic and technical to provide
the students with a wide-ranging tool set for managing air
mobility forces.

Initial ASAM Success

The ASAM program has proven very successful. Theprogram
recently graduated itsfirst class, and faculty and student reactions
to the program have been highly favorable.

Initially, concerns surfaced regarding whether the compressed
format would permit the same coverage of material and whether
the ASAM students could achievethe samelevel of performance
as studentsin atraditional in-residence program. The program
overcame these concerns through several planned as well as
unanticipated results. First, thefour-hour-per-day class schedule
actually provided more contact time between the students and
instructor than normally occurs in a 10-week quarter. The
studentsexperiencelessdistraction sincethey can concentrateon
studying for one class at atime. Second, the courses requiring
extensive student preparation were placed in the single 10-week
guarter. The studentswere provided moretimeto assimilatethe
material in these courses due to the level of difficulty and
guantitative material. Third, significant preparation went into
developing and scheduling course materials to make the
maximum use of availabletime. Finally, technology has played
amajor role in supporting the program and overcoming the
distance problem. E-mail is frequently used to communicate
between faculty and students. File transfer protocol (FTP) has
enabl ed students and faculty to exchange papers, tests, and course
readings. Satellite classes have also been demonstrated as a
successful delivery mechanism for graduate courses. Satellite
transmissions typically rely heavily on computer-based
presentations and have actually increased the amount of
technology applied in the classroom.

The students produced the unanti cipated results contributing
most to the success of the ASAM program. The board selection
processyielded classes of highly motivated rated and nonrated
logisticsofficers. Asaresult, the studentsgenerally had read and
studied most of the course material prior to thefirst day of class.
Thestudentsstudy an extraordinary proportion of their available
time and frequently work together asaclass or in study groups.
On-site, TDY faculty were also available to the students during
nonclasstime, including evenings and weekends. Thesituation
provided more opportunitiesthan originally anticipated to discuss
and reinforce the material outside the classroom. The students’
9to 13 yearswork experience also proved asignificant factor in
their performance. They have been able to relate much of their
experiencedirectly tothe AFIT and AMWC coursework and are
ableto apply the conceptsto real-world problems.

ASAM Students

The ASAM program has resulted in three classes of 10, 16,
and 12 students. Thefirst classbegan coursework in April 1995
and graduated in May 1996. The second and third classes are
currently in session with graduations projected for December
1996 and May 1997. Rated officers (pilots and navigators)
comprise the majority of officers attending the program.
However, each class has included two nonrated logistics
officers with experience in communications, aerial port
operations, or aircraft maintenance. Air National Guard and
Air Force Reserve students have also been selected for the
program. The diverse backgrounds allow the students to



discuss and examine the entire spectrum of functionsrequired
to support air mobility operations. Upon graduation, the Air
Force will channel the ASAM graduates into selectively
identified assignments to use their special expertise. These
officersare considered highly competitive for squadron, group,
or wing commands. Graduatesfrom thefirst classhavereceived
assignments to Headquarters, USTRANSCOM; Headquarters,
USAF; and Headquarters, AMC.

Student Selection

AMC will select 14 officers for the fourth ASAM classin
November. The annual year 1997 (AY 97) selection board will
convene at Scott AFB, Illinois, on 19-20 November 1996.
Classes begin on 4 June 1997 and end 3 July 1998.

Eligibility Requirements
Theeligibility requirementsfor the ASAM program include:

» Support and rated officerswith between 9 and 13 years of
commissioned service.

» Applicants must have experiencein supporting mobility
operations.

* Non-AMC officers with previous rated experiencein a
mobility weapon system (C-130, KC-10, etc.).

» Rated officers must be an instructor or prior instructor in
amobility aircraft (KC-135, CK-10, C-5, C-17, C-141, C-
9, C-21, C-135, or C-130).

* Not deferred major and not have applied for retirement or
separation.

* Undergraduate grade point average (GPA) of 3.0 and a
combined Graduate Record Examination (GRE) score
(verbal and quantitative) of 1100 or a Graduate
Management Admission Test (GMAT) score of 550.

» Candidatesmust forward their official collegetranscripts
(with seal) and GRE or GMAT scoresto AFIT/RRE, 2950
P Street, Wright-Patterson AFB, OH 45433-7765, before
theboard meets. All candidateswill bereviewed by AFIT
prior to final selection.

* TheGMAT national test dateisin October which does not
allow scorestobeposted at AFIT prior tothe AY 97 board.
Officersshould plan ontaking the GRE and ensurethetest
resultsaresent to AFIT (if they have not previously taken
the GRE). Candidateswho have previously takenthe GRE
or GMAT must ensure that AFIT has the test results on
file

» Candidates not meeting the undergraduate GPA
requirement, but possessing an acceptable GRE or GMAT
score, will be reviewed on a case-by-case basisby AFIT
and AMWC for entry into the program.

¢ Individualswith lessthan 36 monthstime-on-station will
be handled on a case-by-case basis by the Air Force
Personnel Center (AFPC).

Selection Process

Application procedures can be obtained from the officer’s
major command’ s personnel directorate (MAJCOM/DP).
Applicants applying for the ASAM program must complete a
board-specific Air Force Form 3849, PME/AFIT/RTFB Officer
Worksheet, and obtain endorsements by their staff director,
numbered air force commander, wing commander, or wing
commander equivalent. The Air Force (AF) Form 3489 should
indicate “ Student, Advanced Study of Air Mobility” in Part I1.
Thelast line of the Part 111 remarks will include undergraduate
GPA, masters GPA (if applicable), and GRE or GMAT score.
The endorsing official may make remarksin Part IV. The
endorsing official, by signing the AF Form 3489, certifies the
nomination and release of the candidate for permanent change
of station (PCS) and any prerequisite training required by
AMWC. The AF Form 3489 should be forwarded through the
MAJCOM/DP. The board specific AF Form 3489 and a copy
of the officer’s command personnel records (non-AMC
candidates) are then forwarded to HQ AMC/DPAD. Points of
contact regarding the submission process are Captain Steve
Parker, AMWC/WCOA, DSN 944-4401, and Mgjor Steve West
and M Sgt Mazzuca, HQ AMC/DPAD, DSN 576-5729.

Conclusion

ASAM offers a unique opportunity for nonrated and rated
officersdesiring to pursue an in-depth study of air mobility inan
operational setting. The partnership between the AMWC and
AFIT hasresulted in ahighly innovative program by combining
the unique talents, educational backgrounds, experiences, and
resources of bothinstitutions. By exposing these officersto the
logistical and operational aspects of air mobility, the ASAM
program provides the expertise needed for adapting and
responding to the Air Force’ sevolving mobility mission.
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CAREER aNnp PERSONNEL INFORMATION

Logistics Professional Development
The Promotable Jobs

After two years of working assignments and observing
promotion board results, | have compiled a list of the most
promotablelogisticsjobs. Hereisthelist:

» Thejobyouareinright now.

That isit. The most promotable job isthe one the Air Force
and your boss have given you to do now. | have seen officers
promoted while at wing-level, major command, numbered air
force, field operating agency, the Pentagon, joint duty, special
duty, logistics career broadening, logisticscrossflow, wholesale
level, and operational level, with a “definitely promote” or a
“promote” recommendation.

So what isthe qualifier? Those performance reports and
awards, written and signed by your rater and senior rater, tell the
promotion board all they need to know to determine what kind
of officer you have been, are, and therefore, what your potential
might be. Believeme, itisnot theduty title, Air Force Specialty
Code, or position number the board memberszoominon. Itis
how you are doing your job. Areyou proactiveor reactive? Do
you work to improve processes or settle for the status quo? Do
you drive or lead? Hasthe commander entrusted you with the
“tough” jobs? Are you completing required training? What
recommendation is your senior rater making for your futurein
the Air Force based onwhat you aredoing now? Y ou areactually
building areputation with senior leadersthrough theimpression
you leave with your current chain of command. Sure, it is best
to show an increase in the level of responsibility from one
assignment to another. But, the needs of the Air Force and the
assignment system do not always make that possible. All you
haveto fall back onisyour reputation.

When you havethe leeway to “ shop” for your next job, we at
the Air Force Personnel Center can offer alot of counsel and
advice on what the next logical career move for you might be.
However, your commander hasthe experienceand isin abetter
positiontotell you how you are doing your current job and what
career path would be best for you based on your potential.

So, next timeyou ask, “where arethe promotable jobs?’ ook
around, you are probably there!

(Capt Craig A. Bond, HQ AFPC/DPASL, DSN 487-6417)

Improved Officer and Enlisted Assignment
System

The Air Forceiscontinually working to improveits enlisted
and officer assignment procedures. The most recent

to |

improvement will enhance assignment opportunities for Air
Force members, provide stability for all, and allow the Service
to fulfill its mission.

One change will impact unaccompanied, short tour
assignments. The Air Forcewill provide a100% opportunity for
enlisted membersand company grade officersto request afollow-
on assignment before going on ashort tour. Thismeansthey can
request bases or areas prior to their departure for the short tour.
Members may request a base, a geographical area, or a state.
Based on the needs of the Air Force, the Air Force Personnel
Center (AFPC) will match them to those bases or areas. In some
cases, thespecificjobthey will do at their follow-on location will
be determined later. For example, an officer may choose “ San
Antonio,” and if approved based on the needs of the Air Force,
that individual will be assigned to a specific base in that area
(Brooks, Kelly, Randolph, etc.). Thelocationwouldbe*“locked”
based on overall manning projections, but the specific job they
would dowould be determined later. Thissame opportunity will
be extended to field grade officers to the maximum extent
possible. More Air Force members will now know where they
are going after their short tour and can make future plans
accordingly, allowing for morefamily stability. Itwill also allow
themto concentrate on their jobs whilethey are on the short tour
without having to worry about their follow-on assignments. The
Air Forceisableto do thisnow becauseit isamuch smaller force
after thedrawdown. Inthemid-1980s, about 35,000 peopleayear
compl eted short tours—now thefigureisapproximately 11,000.
This new improvement will take better care of all our enlisted
members and company grade officers, and their families, asthey
prepare to serve unaccompanied short tours.

Another change concernstheway officersare selected for jobs.
Currently, jobs are advertised and a “best match” is made by
AFPC for a position. At that time, the losing commander
providesinputson the officer’ s qualifications and availability
for the job. In the near future, commanders will be able to
provide inputs on their officers’ next assignments even before
they enter the assignment cycle. Commanderswill alsobeable
to provide in-system inputs to AFPC assignment managers on
what jobs their officersshould do next. Theinformationwill be
kept on file until the officers are selected for assignment or the
commanders update their inputs.

A change will also being made at the gaining commander’s
end of the process. Instead of commanders (or hiring authorities)
receiving only the names AFPC determinesto bethe best match
for the job, the commander will get alist of all eligible and
qualified volunteers. To facilitate the decision-making process,
the commander has been given worldwide access, via the
military personnel flight, to the sameinformation AFPC usesto
determinethe best person for ajob. The commander will be able



to review such items as duty history and professional military
education (PME) completion on each person who volunteered.
Members coming from short and other overseas assignments,
completing school, or finishing controlled tours will still have
priority.

Finally, the Air Force is going to provide jobs earlier for
officers completing in-residence PME. The personnel center’s
goal isto have all school graduates an assignment at least four
monthsprior to graduation. Thiswasnot possiblebefore because
selection boards, such asthereturn to fly board and professional
military education designation boards, were held too latein the
assignment cycleto makethisareality. Toachievethenew goal,
I ntermediate Service School and Senior Service School selection
boards will be standardized to convene in October, with other
pertinent boards also moved up whenever possible. Early boards
will allow for more advanced projections of availablejobs PME
studentsmight fill. Thischangewill help the student officersand
their families plan their next move better.

The main goals of these assignment system changes are to
ensure commanders have the right people in the right jobs to
accomplish the Air Force mission and to provide the military
members and their families with more voice in their futures as
well as more stability. The Air Force Personnel Center will
continueto review and improve the assignment system.

(Capt Pete Ellis, HQ AFPC/DPAIP4, DSN 487-4098)

New Joint L ogistics Assignment Course

Imagine you are amajor or lieutenant colonel, or civilian
equivalent, who just received orders for assignment to an
organization dealing with logisticsat thejoint level. Sure, you
have years of experience doing logistics the “Air Force way,”
but how are you going to know what to do now that you are
“joint?’

Y ou are not alone in feeling less than prepared for the world
of joint logistics. As a matter of fact, the Joint Logistics
Commanders (Commander, Air Force Materiel Command
(AFMC); Commander, Army Materiel Command (AMC);
Deputy Chief of Naval Operations (Logistics); Marine Corps
Deputy Chief of Staff, Installations and Logistics; and the
Director, Defense Logistics Agency (DLA)) decided in 1991 that
avoid existed in the education of mid-level executives.

To remedy this, the Joint Course on Logistics (JCL) was
designed to prepare these individuals for assignments
involving joint logistics planning, interservice and
multinational logistics support, and joint logisticsin atheater
of operations. Prospectivestudentsarethosethat arein, or soon
will bein, positionsrequiring joint logistics knowledge. These
include positionson the staffs of the Joint Chiefs, Department of
Defense (DOD), headquarters of the military departments or the
Defense L ogisticsAgency, unified commandsand major logistics
commands. The courseisalso designed for project or program
managers, staff officersworking on doctrinal issues, and reserve
component officers working in positions equivalent to any of
those described above.

The objectives of the JCL areto:

* Integrate DOD and Service programsto provide effective,
economical | ogistic support to national strategic priorities

and objectives, and to establish the basis for resource
decisions.

« Compare and contrast the similarities and differences
within DLA and the Servicesin applying theory, defining
processes, and developing logistical support of joint,
departmental, and theater objectives.

« Describe how DLA and the Services project logistics
capability to support the combatant commands.

* Integratemultinational (combined) logisticsasamultiplier
of joint logistics support.

« Develop a plan as a member of atheater staff for using
Service component logistics resources to support theater
contingency operations.

» Assess the effects of defense and Service strategy and
continental United States (CONUS) sustainment
capabilitieson logistical support decisions.

* Apply the Services’ and DLA’s logistics support
capabilitiesin adevel oping contingency scenario.

The course length is 13 class days and is conducted at the
Army Logistics Management College (ALMC), Fort Lee,
Virginia. Quotas have been distributed to the Services, and if
you areinterested in attending, the course numberisALMC-JC,
with the first class starting 1 October 1996. See your training
officer or NCO for more information on how to apply for one
of the Air Force quotas.

(Lt Col Don Murvin, ATSZ-LSL(LSL), DSN 539-4117,
murvind@lee-dnsl.army.mil)

Air Force Institute of Technology (AFIT)
Opportunities

TheAir ForceInstitute of Technology (AFIT) offersamasters
degreein several logistic disciplines. Thisrequiresal5-month
permanent change of station (PCS) assignment to Wright-
Patterson AFB, Ohio. Officers selected for this highly-
competitive program will receive follow-on assignments to
positions requiring advanced academic degrees. Officers
interested in applying for AFIT should contact their education
office to request an AFIT review of their eligibility. Officers
volunteer for the AFIT assignment through the Electronic
Bulletin Board. After AFIT determines eligibility, officers are
competitively selected for the AFIT assignment by AFIT and the
Air Force Personnel Center (AFPC). Minimum prerequisitesfor
AFIT are a 3.0 undergraduate grade point average, a minimum
of 500 verbal and 600 quantitative on the Graduate Record
Examination (GRE), and 2 years time-on-station.

(Capt Ken Backes, HQ AFPC/DPASL, DSN 487-4024)

Cross Flow Program Alive and Well

The Air Force Personnel Center (AFPC) Logistics Branch
continues to aggressively work cross flow assignment
opportunitiesfor al logistic officers. An officer can cross flow
after they haveat least four yearsintheir primary specialty. They
will normally crossflow into another logistics Air Force specialty
code (AFSC) for a period of two years and then return to their
original AFSC. Officerscan crossflow at their current baseasa
permanent change of assignment (PCA) action or compete for



assignments for advertised positions on the Electronic Bulletin
Board. Contact your assignment team (see below) for details.

L ogistics Officer Assignment Branch Points of Contact
Branch Chief
Maj Ed Hayman, DSN 487-3556, haymane@hq.afpc.af.mil
Transportation Officer Assignments

Capt Tom Jett, DSN 487-4024, jettt@hq.af pc.af .mil
Capt Ken Backes, DSN 487-4024, backesk @hg.af pc.af . mil

Supply Officer Assignments

Capt Craig Bond, DSN 487-6417, bondc@hq.af pc.af .mil
Capt DebbieElliot, DSN 487-6417, elliotd@hg.af pc.af . mil

Logistics Plans Officer Assignments

Capt Rick Cornelio, DSN 487-5788, cornelir@hg.af pc.af.mil
Capt Keith Quinton, DSN 487-5788, quintonk@hq.af pc.af.mil

Aircraft Maintenance Officer Assignments
Capt Marc Novak, DSN 487-3556, novakm@hq.af pc.af . mil
Capt Ray Roessler, DSN 487-3556, roessler@hq.af pc.af.mil
Capt Wes Norris, DSN 487-3556, norrisw@hq.afpc.af .mil

(Capt Ken Backes, HQ AFPC/DPASL, DSN 487-4024)

Civilian Career Management

Logistics Civilian Career Enhancement Program
(LCCEP) On-Line

The Logistics Civilian Career Enhancement Program
(LCCEP) isnow providing information to itsregistrantsviathe
establishment of ahome page ontheInternet. If you or someone
you know has an LCCEP question, try the LCCEP home page
first—you might find the answer plus answers to additional
guestionsyou may not have thought of yet.

The L CCEP home page can be accessed through the Air Force
Personnel Center (AFPC) home page at “http://
www.afpc.af.mil.” On the AFPC home page, you will find Air
Force Civilian Career Management which includes Air Force
Civilian Career Programs (where L CCEP home pageislocated),
the Air Force Civilian Training and Development Guide, Air
Force Civilian Career Program Vacancies, Air Force Civilian
Recruiting Programs, and Acquisition Certification Guidelines.

The LCCEP home page includes program registration
procedures; locations, series, and grades of covered positions;
Whole Person Score (WPS) information; Career Broadening
locations and application requirements; PALACE ACQUIRE
application procedures; and training and tuition assistance
information. Thereisalso acurrent listing of points of contact
for personnel assigned to the program office. All informationwill
be updated periodically.

We hopeif you have a question about the program, you will
look here first. If you do not see information that would be
helpful to you asaregistrant, let usknow sowecan addittothe
L CCEP home page.

(Wallace BHKMIL_HQAEKZLQEKM_QSNMS?
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Recommendations

I's there anything we can do in the Air Force to affect our
support through the CIT process, now that itisunderway? There
is, and we should pay the utmost attention, since we are just
entering Phase Il of the program, which will run through
September 1997. The Air Force CIT Office has obviously
recognized problems that plagued Phase | of the transfer, and
has made great stridesin correcting what has been uncovered.
Phase |l of the program has been structured so similar
problems will not reoccur. So, there have been lessons
learned; funding levels have increased for AFMC and DLA,
and the data transfer errors have been identified and
corrected.

But that is not the end of the job at hand. At theretail and
wholesalelevels, we need to ensure demands are being properly
and consistently recorded. We must accurately reflect the assets
we are using to the whol esal e level through these measures, but
we also need to monitor the system, at both the retail and
wholesalelevelsto ensurethedataare getting through. Next, as
much asiswithin Air Forceleader’ scontrol, now that thefunding
posture isimproving for AFMC and DLA, we need to ensure
DLA continues to get adequate funding to support our
requirements, including refilling empty pipelines and shelves.
Finally, within the Air Force, we must better manage the assets

foTas

that will eventually transfer in Phasell of CIT, but are till within
our control. We recognize we have damaged our own support
on items previously transferred, and probably those currently
transferring, or transferring in the near future. We must work to
support with equal fervor, and funding, thoseitemsthat will later
transfer and those that will not transfer at all.

These actions will not immediately improve DLA support of
consumableitemsalready transferred through Phasel of the CIT,
but it is important we are aware of what isinvolved in this
process. Now that we know how we hurt ourselves by
transferring empty or limited pipelines, items with no or
insufficient stock, and continuing to generate inaccurate data,
it is important we maintain the progress the Air Force CIT
Office has made through the rest of the Consumable Item
Transfer.

Captain Deckett iscurrently serving asan Air Force Logistics
Career Broadening Program Staff Officer at the San Antonio Air
Logistics Center, Kelly Air Force Base, Texas. Hewould liketo
recognize the assistance and contributions of Colonel Eugene
Leach, Lieutenant Colonel Thomas Huber, Major William
Cameron, Mr Thomas Barton, Ms Catherine Cooper, and Ms
SephanielLopeztowardthe devel opment and publication of this
work.
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Training in the Age of Technology: The HowsWhys, and Wherefores

Anthony S. Babiarz

We areinundated with changesto the current way that we do
business. New methods, new procedures, and new techniques
which are destined to “revolutionize our life” are coming onto
the scene. Keeping up with the “new,” let alone the “current,”
makes professional life difficult at times, near impossible at
others. Asaresult, itisnot only desirable, but also necessary to
receive continual exposureto new material. One particular area
which is continually bombarded with and by technol ogical
changeistraining. Trainingisanecessity, whether it beinitial,
refresher, or continuation. Itisdesired, needed, and required to
accomplish ajobin an efficient, effective manner. In addition,
thetechniques, presentation, and mediahave al so changed agreat
deal. Computer-aided and computer-based presentationsare no
longer anovelty to betreated lightly. Themachine, oncethought
of asatoy by some, can now be found in the office, the home,
the classroom, and in the shop. We have come to depend upon
computer hardware and select software to develop and present
training to the neophyte and thejourneyman. The ease of access
to vast amounts of information provides greater exposure in a
shortened period of time.

I ntroduction

The advent of new technology brings along with it the need
for understanding. Not only do we have to understand the new
technology, but we must also understand the best and most
applicable methods for presentation. There are many ways to
present the material, and, in general, most will work with varying
degreesof success. Thequestionis, however, whichisthe better
method for presentation of information and which method will
better prepareanindividual to performthetask. Tasks, fromthe
simple and routineto the complex and infrequent, must be done
correctly thefirst time. Rework isexpensive, inefficient, time-
consuming and manpower intensive. Itisnecessary that workers
know and understand what is expected of them and how to
perform the task.

“One-on-one” can be an effective method for certain tasks.
Informationisrelayed by word of mouth, visual presentation, and
somewritten documentation. Thisisa“doable” method provided
you have sufficient trainers and adequate time. The classroom
or lecture method can convey a good deal of informationin a
short timeto asmall group. 1t combineslecturewith visual aids
and some written documentation. In each case, the written
documentation is developed and directed at a specific reading
comprehension level. Wetakefor granted that everyoneisable
toread and comprehend at basically thesamelevel. Itisassumed
that most people are “readily ableto grasp” the written wordin
most documentation. Therequired reading comprehension level
may or may not be compatible with the current level achieved
by sometrainees. Thisisbecoming more of aproblem as tasks
become moretechnically oriented.

With the ready availability of off-the-shelf microcomputers
and user-friendly software, great strides have been made in the
world of the trainer and the trainee. Information deemed
necessary for task accomplishment can be presented to thetrainee
in different formats. It can be developed using stationary or
moving visual aids, written technical data, and even someverbal
narration where necessary. The nature of thistechnology issuch
that it can be prepared and delivered in-house at areasonabl e cost.

Background

In the past, training was accomplished either by some form of
“one-on-one,” on-the-job training, or theworker wasturned loose
with minimal verbal instruction. In either case, many workers
wereill-prepared. It wasfelt by some employers that time was
lost in orienting new employees. Assuch, they were given atask
and expected to perform. Inaddition, it wasfelt that productivity
was lost during “extended” training periods. Assuch, training
was held to aminimum. In the mean time, it was necessary for
the coworkers to absorb additional workloads until the new
employee became productive. Depending upon the difficulty of
thetask and anindividual’ sowninitiative and personal skills, it
could be some time before they were fully productive. While
work forceswerelarge and rework was* an accepted way of life,”
the employeewaslessthan fully and properly trained. Asaresult,
the cost of production roseto the point where some products and
servicesweretoo expensiveto survive. Thosewho were unable
or unwilling to grasp the problem and institute corrective action
lost.

To correct this problem, the pendulum must swing in the
oppositedirection. Competition requiresdoing the job correctly
thefirsttime. Productivity of theworker and quality of their work
must be improved and maintained. It is paramount that each
person fully understand their job and be properly trained. Once
properly trained, the employee stands a better probability of
producing aquality product acceptableto the customer.

How Do We Get There From Here?

Thereare many methods and means by which material can be
presented to thetrainee. But onething that must be considered
first and foremost is the trainee—their ability to learn and
comprehend. Accordingto anadult literacy survey in 1993, “90
million Americansover theage of 18 arefunctionally illiterate.”
This essentially means that, although they can read and write,
they function below thelevel of the average eighth grade student.
In most cases, these Americans are unableto properly fill out a
job application, balance a checkbook, or follow simple
directions. It isnot meant to state that these individuals are
ignorant, it doesmean that “relying on written task descriptions
to accomplish organizational objectives may not bethe best way
to get thingsdone.” (2:6)



How do we handle such asituation? It will take agood deal
of work over aperiod of time. Is this situation something that
can be handled and attained at areasonable cost? Theanswer to
that question is “yes;” it is an attainable goal. The writer and
presenter of training material must consider thereading level of
the intended audience. For example, a presentation on food
handling and sanitation would be presented to a group of
restaurant employees a little differently than to a group of
forensic pathologists. Furthermore, not all tasksrequirethe same
level or degree of comprehension. The method of presentation,
therefore, should takethisinto consideration.

Training should be presented in a
manner and mode which is
conduciveto learning.

For the worker to succeed, he must be provided with the
knowledge and understanding basic to thetask at hand at theright
time. The overall demand for quality requires that the worker
know and understand the task requirements and have the ability
to act and correct deficienciesasthey occur. To accomplishthis
goal, it isnecessary for the worker to have some understanding
of the cause and effect relationship within thejob and receive the
required training as soon as possible. Once arequirement is
identified and the employee selected, amethod of training, best
for the purpose, should be considered and devel oped. It should
providefor the strengthening of aperceived weakness or provide
knowledge in anticipation of anew requirement. Therequired
training should then be provided to an employee as soon as
possible. Quality training not provided in advance of the need
could well resultinacostly delay.

Initial training will establish the work foundation for an
employee. Asthe employeeistrained and the frustration level
begins to decrease, productivity will tend to increase. With
training taught correctly and up front, though it may appear time
consuming, the worker will be enabled to provide a consistent
quality product or service.

Training should be presented in amanner and modewhichis
conduciveto learning. If aproper forum for application does not
exist, itispossible, and even probable, thetraineewill not retain
the material. Reinforcement, along with adequate, meaningful
practices will stimulate the individual mind, and is essential to
proper assimilation and retention. Depending upon the type of
task at hand and the chosen method of instruction, some
classroom/oral presentation may be necessary to familiarizethe
traineewith thetask, the operation, and proceduresrequired. This
could befollowed by some additional classroom or individual
learning through the use of visual aids to include slides,
viewgraphs, movies, computer-based/computer-aided
training, or asuitable combination of any or all of the above.

Training is not aluxury that isto be metered out to a select
few. Itisacontinuous necessity that must be presented correctly
thefirst time. Dependent upon the overall technology of thetask,
personal skills, and experience required, a period of hands-on,
repetitive operations may suffice. Asan alternative, since hands-
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on training may not be practical or available, other avenues
should be considered. Thiswill require an analysis of the task
and training environment. Consideration should begiventothe
repetitive nature of the task, the associated hazards, skill or
knowledge criticality, and the experience of the worker. Based
onthetask, theemployee, and the ability to devel op the particular
methodol ogy, consideration could begivento the useof properly
selected, job-particular multimediatraining.

The computer-based training could be presentedin aclassroom
setting, a simulator-type situation, or, with advanced training
scenarios, right on thejob itself. Thejustification for thistype
of presentation revolves around exposing the worker to those
activitieswhich approximate real -life conditions, but allowsfor
the commission of errors without penalty, injury, or reprisal. It
allowsthetraineeto repeat, asoften asdesired, any or all sections
of the material. It provides for the slow learner, the cautious
learner, aswell asthe quick learner. 1t can be developed, based
on the degree of competency and dollar budget available, to
approximate the near-real working environment.

A review of some computer hardware and software available
on the open market shows there are several systemswhich lend
themselvesto themost convenient useinthetrainingarena. They
are basically off-the-shelf microcomputers with user friendly
software relatively easy to install and operate. Following the
initial datainput, it ispossibleto develop an orderly collection
of screenimageswhich can beinterlinked in the devel opment of
arelatively inexpensivetrainingtool. Thecost, development, and
upkeep of these computer-based training tools can bein thelow
to moderate price range, depending on the type of equipment,
level of sophistication, and type of storage device used. The
software examined can providefor initiation and indoctrination
of the neophyte or an update or refresher for thejourneyman. It
can provide self-paced training which could be used without the
need for afull-timeinstructor being present at all times. It has
potential in the academic, industrial, and military arenas. (4)

Trainingisnot aluxury that isto
be metered out to a select few. It
IS a continuous necessity that
must be presented correctly the
first time.

A viable method of presentation, one which readily allowsfor
update and change, isthe use of aseriesof screensto present text
and graphic material. The screens, developed with a“hypertext-
type” format, can be interlinked and displayed in some form of
sequential order. Thetrainee, once started onthe material, could
proceed through the screens, one after another, while being
exposed to the material. Secondary screens could also be
developed and activated by the student to provide additional
material, an additional explanation, or adescriptive and labeled
picture. This additional material could be activated by the
student “clicking” on abuilt-in “button” with the mouse. This



button acts as atrigger which will allow the user to move from
one screen to another, linking target information devel oped for
the student. The number and depth of these secondary and
reference screens would vary based on the desired depth of
knowledgerequired, the need for additional explanatory material,
and/or the need for cross-referencing of text and graphics. Itis
possible and quite beneficial to use secondary screensfor “zoom”
or “exploded” views of graphic technical referenceinformation
such as a part number, stock number, or catalog and storeroom
location. These secondary screens can be used as sources of
information to explain what does or should happen under specific
conditions. Theinformation could include the theory of
operation, specialized or uniqueoperational requirements, aswell
as peculiar support equipment or test equipment requirements
under specified conditions. (3)

Before embarking on a mission to
develop interactive, multimedia,
computer-based training, consider
the goal to be achieved.

To ensure the student has grasped the material, thereis a
capability toinsert asingle or series of test screensthat require
passage before being allowed to continue. Thetest can be“true”
or “false” or multiple choice-type questions. Upon selecting the
right answer to the question, the trainee receives some form of
positive reinforcement and feedback. Thisisimportant to the
welfare and morale of the trainee. If the question is answered
incorrectly, thetraineewill receive counseling that the answer is
incorrect, provided with abrief explanation asto why theanswer
isincorrect, and returned to the test question for another try. If,
on the second attempt, the question isanswered incorrectly, the
trainee can be provided with a reference to the correct answer
along with a recommendation for additional review before
continuing with the self-test. Itispossibleto maintain arecord
of thetrainees' resultsof section reviewsand end of coursetests.
Theintent isto determinewho may require additional assistance
to understand the required material. The number and depth of
testing will be dependent upon the type of material, the
knowledgelevel required, and understanding desired. (1)

Training material isnot limited toflat screen, two-dimensional
images. It is possible to develop material which will interface
and interact with 12-inch laser discs, video cassette playback
systems, compact discs, and removable hard drives. These
additives providefor theinclusion of simple and detailed images,
sound, motion, “zoom,” and “exploded” images. The sound and
motion can be keyed into a static image activated by atouch-
sensitive monitor screen or a“button” activated by a mouse.

Before embarking on a mission to develop interactive,
multimedia, computer-based training, consider the goal to be
achieved. Thegoal istotrain personnel to perform selected tasks.
Examine the degree of knowledge required—general, specific,
orin-depth. It will also be necessary to determineif thetraining
isa"“one-timeshot,” an occasional occurrence, or for arepetitive

task. These pertinent factorswill not only influencethe possible
training medium or method of presentation, but they will also
influence the cost and capability required to devel op afinished
product. A good deal of the program design, devel opment, and
production preparation can be accomplished in-house. Itis,
however, necessary to determineif thisisthe most effective and
efficient route to follow. To do the work in-house, it will be
necessary to have the technical competence and subject matter
expertise needed to perform the process or procedure. The
equipment necessary for production and playback will vary with
the depth of production desired. Therequirementscan rangefrom
something as simple asalaptop or microcomputer to afull range
of top-of-the-line Pentiums (in today’ s reference) with 4X CD-
ROMSs, graphics and video cards, digitizers, sound recording
equipment and midi cards, along with scanners for one form of
textinput. Onthe software side of the house, there areanumber
of user friendly packages that readily lend themselves to
production and development. Asan example, adisk operating
system (DOS) version of Guide was used to develop an easy to
use, quick referenceversion of theMilitary Standard Requisition
and Issue Procedure (MILSTRIP). The package was devel oped
to provideready accessto thetext and formsin color, references,
acronyms, and definitions from any place in the package. Self-
test objective measurementsare strategically located throughout
the MILSTRIP package. They arelinked to the text to provide
documentation and reference material access.

Since the release of the early DOS version of Guide, the
software has come along way. What was thought to be “ easy”
before has now become better, faster, and more compliant.
Products are now available in Windows format that will allow
for automatic production of interactive electronic publications.
The softwareallowsfor display of tablesand imagesin linewith
text or in separate windows with pan and zoom control. It also
supportsfull integration of multimediaobjectslike sound, video,
and animation, as well as dynamic links to other applications.
Another piece of software in the Guide family brings oversized
imagesto on-line documentation. No matter what the size of the
computer screen, nearly any sizeimage can bedisplayed. Inone
screen, the full object can be displayed. With a specifically
located “button” or “hotspot,” the image can be “exploded” to
reveal a predetermined level of disassembly and view. Such a
display isideal for wiring and piping diagrams, flowcharts, and
schematics. (4)

What is the purpose of this advanced technology? Itisa
relatively simple way to present complex material to trainees.
What can it do that others may not be ableto do? It ispossible
to develop training packages which can satisfy numerouslevels
of knowledge, experience, and reading comprehension all within
the same package. By “layering” technical data, itispossibleto
draw out information, prompt the trainee to think through a
problem or situation, and act. Using linked screenswith primary
and secondary backup information, itispossibleto develop basic
mai ntenance diagnostic text material and graphi csto approximate
areal-work task. Developed around actual diagnostictrees, itis
possible to design troubleshooting and repair scenarios for the
novice, the crosstrainee, or thejourneyman. Theversionfor the
noviceor crosstrainee could bestructuredto provideonly asingle
specific path from beginning to end. Thereasonfor thisstructure



isto assist the individual to develop a “troubleshooting
methodology” and asystematic approach to problem solution.
Asexperience and expertise are devel oped, this same package,
following aslightly different path, could allow thejourneyman
to chart a nonstructured path from beginning to end. At the
completion of that task, the action taken could then be reviewed
and analyzed and recommendations provided when and where
necessary. Thetype, amount, and depth of material presented at
any onetime should be appropriatefor the size and detail of the
lesson and the intended result. If too much information is
provided too quickly, the trainee could become confused,
disillusioned, and negatively motivated. If toolittleinformation
isprovidedor if theexerciseisnot challenging enough, thetrainee
could become bored, overconfident, and easily make errors. At
the sametime, thetrainee must be cognizant of what isexpected
during thetraining classes and upon compl etion of thetraining.

Todoajob correctly, workers
must know what is expected of
them, what they must do, and how
todoit.

Serious consideration should begiven to the devel opment and
application of computer-based training for anumber of reasons.
Computer-based training, if properly developed, can and does
present aquality picture of thetask at hand. It allowsthetrainee
to proceed at a pace commensurate with one’ s ability to absorb
and assimilate the material. As a user-driven methodology, it
provides a good deal of flexibility allowing the individual to
review as often as necessary before moving to the next bit of
material. Computer-based training lendsitself to independent
study. The material could be made available at any timein a
predetermined location compatible for learning. It negates the
requirement for afull-timeinstructor to be present at all times.

Computer-based training, asopposed to lecture presentation,
is based on different human faculties. Hearing is a physical
process, whilelistening isan intellectual processrequiring agreat
deal of discipline. We speak at approximately 125 words a
minute and listen at about 550 to 600 words a minute. The
differencein time allows the mind to wander and get off track.

Studies show alistener will remember 50% of what they hear for
about 48 hours, only 25% after 48 hours, down to 10% after 10
days. Onthe other hand, demonstration-type material, toinclude
computer-based material, isretained for up to 10 daysat the 65%
level. (8) Visual reinforcement, reviewed at anindividual pace,
provides greater retention and a reduction of fear, anxiety, and
tension. It providesfor learning to be an enjoyable experience
rather than atraumatic one.

Conclusion

Education and training are of great concern. To do ajob
correctly, workers must know what is expected of them, what
they must do, and how to do it. Itisnecessary for the employer
to ensurethe workers are prepared to function in an appropriate
manner. Proper initial training followed by upgrade or refresher
training as necessary, will cost timeand money up front, but this
cost ismuch lower than the extended cost to rework and/or suffer
the loss of customers. It isthe role of the company to stay in
business, create aconsistency of purpose, and strivefor continued
improvement. Companies need to adopt the philosophy to
produce quality products and overturn the tolerance for poor
workmanship. Success is built on the knowledge and
understanding of what is correct. The work force and its
management must continuously be kept abreast of changes as
they occur and train accordingly. (3)
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